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abstract
This study on labor use in agriculture attempts to investigate 
factors affecting labor use in Punjab's agriculture. It aims at 
finding whether the major source of labor was still the family even 
after the green revolution, whether farm size and land tenures differ 
in labor use. Besides, effects of seed-fertilizer technology, 
tubewell irrigation and tractor use on labor absorption are 
quantified. For this purpose two types of data were used; first, the 
'time series cross-sectional' (or pooled) data for 17 farms over 6 
years (1966-72); and second, 'cross-sectional' data of 204 farms for 
1981-82 crop year.
The problem was approached by two ways. First, the labor use on 
different farm categories and for both time periods was compared on 
the basis of mean values; and second, 'labor use functions' were 
estimated separately from both the sets of data. It was observed that 
the use of labor had increased over time and that the relative share 
of family labor had also increased. Cultivated area was found to be 
negatively correlated with the labor use. Tractor use was found to be 
negatively associated with total and family labor. But the 
association in the case of casual and permanant hired labor was not 
clear. Tubewell irrigation when used alone was associated with high 
doses of labor. The effect of seed-fertilizer technology could not be 
quantified directly, however, indirectly it was found that it is labor 
using technology.
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CHAPTER 1
INTRODUCTION
1.1 Aim of the Study
More than 60 per cent of the total labor force of Pakistan is in 
the Punjab province (Population census 1951, 1961 and 1973)* Of this, 
rural labor was 66.23 per cent in 1951 reducing half per cent per year 
to 57*12 per cent in 1973 (Table:1.1). This means that agriculture 
still has a significant role to play in providing employment to the 
mass of people. International Labor Organization (ILO) has very 
rightly launched a programme for employment promotion in agriculture 
in Asian countries (Ishikawa 1978, p. 1). In a situation where the 
urban sector is unable to absorb additional labor and also possible 
surplus labor from agriculture, the solution of rural poverty may be 
in creating employment in agriculture as it still has large potential 
to absorb more people. Agriculture should absorb, according to Lewis 
(1970, p. 550-51), "large part of the annual increase of the 
population....until the industry is ready to absorb it" in order to 
avoid 'excessive drift' to towns and increased unemployment there.
This study, therefore, also aims at investigating patterns of 
labor absorption in Punjab's agriculture with a view to identifying 
policy variables for employment creation in it.
1.2 Scope of the Study
This study covers only irrigated Punjab. The omission of the
Page 2
unirrigated part of Punjab should not be serious in terms of relevance 
as it is small representing about 13^ per cent of total cultivated 
area in 1979-80.
Since late 60's Punjab agriculture has been going through two 
types of changes. One is change in technology, the other in 
technique2. The objective of this study is to identify the effects
Table : 1.1
LABOR FORCE IN PAKISTAN AND PUNJAB
1951 1961 1973
Population of Pakistan (millions) 33.74 42.88 60.51
Share of Punjab ( % ) 61.14 59-65 61.99
Labor force in Pakistan (millions) 9.50* 12.55* 19.76**
Share of Punjab in Labor foree(%) 64.84 62.14 62.19
Share of rural labor in Pakistan^) 65.05 59.04 57.44
Share of rural labor in Punjab (50 66.23 58.88 57.12
* Working people 12 years and above
** Working people 10 years and above
Source: 1 Govt, of Pakistan, Census of Pakistan Population
1961, Vol 3, Karachi.
2 Govt, of Pakistan, Housing Economic and Demographic 
Survey 1973., Vol II, part I and III, 
Islamabad.
1 Estimated from Govt, of Pakistan, 1981, p. 102.
2 Terms ’technology’ and ’technique' are used here in the sense 
Bartsch,W.H. (1977^ p. 4) used them. He defines technology as 
the application of knowledge involving the use of combinations of 
material inputs of a biological-chemical nature in conjunction 
with particular cultivation practices typically associated with 
such inputs, while technique relates to the methods of delivery 
of these inputs and implementation of these practices in 
association with direct sources of power (human, animal, 
mechanical) and corresponding equipment.
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of these changes on labor use separately, _but because of 
limitations of data, it will not be possible to go beyond the 
aggregate analysis of changes in both 'technology' and 'technique' 
with some attempt to separate their effects indirectly. Two sets of 
data are used in this study. One is pooled data related to 1966-72 
period and other is cross-sectional information related to crop year 
1981-82. These two separate periods represent different stages in 
development and adoption of 'technologies' and 'techniques'.
Seed of Mexican wheat was introduced to Punjab during mid 60's 
(Johnston and Cownie 1969, p. 569-70) for the first time under the 
local name of Maxi-Pak. About the same time new rice seed arrived 
from International Rice Research Institute (IRRI), Philippines. By 
1971-72 the share of area under new wheat seeds rose to 58 per cent 
(Musharraf 1980, p. 35). Along with new high yielding varieties of 
wheat and rice the use of chemical fertilizers also rose very sharply. 
In 1966-67 the consumption was 84.6 thousand nutrient tonnes which 
increased to 253 in 1971-72 (Khan and Sarwar 1979, p. 53). These 
changes represent technological advance.
On the other hand advances in technique came latter. Although 
tractors started getting popular on the farm from mid 60’s (Hirashima 
1978, p. 72), the real jump took place after 1971-72 when the number 
of tractors in Punjab was 15.3 thousands and went up to about 24.5 
thousands in the next year (Musharraf 1980, p. 182)3 Thus the 
period from 1966-67 to 1971-72 is more concerned with technology 
change than the<change in technique. Therefore, the analysis based on 
the data relating to 1966-72 though theoretically showing aggregate 
effects of changes in both technology and techniques on labor use, 
could be used as a crude indicator of technology effects.
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The data for this analysis is primarily from 3 fully irrigated 
districts of Punjab (see details of data and area in section 1.6 and 
1.8). However, this analysis could be generalised for all irrigated 
Punjab as these districts are representative of major croping patterns 
of irrigated areas.
The analysis for 1981-82 is based on cross-sectional data for 
that crop year. It also enables some light to be thrown on the 
'technique* aspect of this study for it is more detailed as compared 
with the first set. Also, in this case coverage is more. These data 
come from the same districts, and almost from the same locality. The 
sample size in this set of data is 204 farms as compared with 17 farms 
with 6 years time series in 1966-72.
1.3 Hypotheses to be Tested
It is hypothesised that farmers in Punjab are mostly family farms 
and rely mostly on family labor. Moreover, labor use varies with 
different cropping patterns, farm tenure and farm size. The 'Green 
Revolution' brought new seeds, chemical fertilizers, tractors, 
tubewell irrigation, etc., to Punjab agriculture. It is again 
hypothesised that some of these changes affect labor use positively 
and some negatively. In order to test these broad hypotheses, they 
are divided into the following specific hypotheses to be tested in
3 In 1969 the number of tractors was 13*764 thousands which 
increased to 15.314 thousands, i.e. about 3 per cent per annum. 
In 1973 the number increased to 24.458 thousands which was 60 per 
cent increase over the previous year and 78 per cent over 1969. 
However after 1973 the rate of increase could not be maintained 
at this level. Increase in the number of tractors between 1973 
and 76 was 17 per cent, about 6 per cent per annum. It was still 
higher than the rate between 1969-72.
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this study:
(1) The major source of farm labor is from the family.
(2) Farm size affects labor use1* negatively.
(3) Technologies like HYV seeds increase labor use.
(4) Labor use varies with different cropping patterns
(5) Different irrigation sources vary labor use.
(6) Amounts of labor used differ with tenure
(7) Tractor use decreases use of labor.
1.4 Punjab and its Agriculture 
1.4.1 Physical Features of Punjab
Figure 1 depicts the place of Punjab in Pakistan. It lies
between 30o and 32° north latitude at an elevation of
approximately 500 feet above sea level (Gotsch 1978, p. 8). The 
lowest monthly mean temperature is 65°F which occures during winter 
in January, and the highest monthly mean temperature is 110° to 
115°F in June. Total area is 51 million acres which is 25.7 per 
cent of total area of Pakistan. Out of this about 40 per cent is 
plain which is commonly referred to as the Indus Basin. The rainfall 
is the highest (15 to 20 inches) in the north, i.e. around Lahore, 
the capital of the province, and decreases towards the south. Most of 
the rain falls during the period June to September. The province is 
divided into 4 administrative divisions and 21 districts (See
4 The term 'labor use' in this study means 'labor use per 
cultivated acre'. Similarly, other agricultural inputs and gross 
revenue wherever mentioned in this study indicate they are per 
cultivated acre values unless otherwise mentioned.
SAMPLE DISTRICTS IN THE PUNJAB
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GUJRANWALA 
10 -
PUNJAB
*SAHIWAL
\ 20
SCALE: 1cm = 20 km 
-----  District Boundarie
Provincial Boundar
Sample Distric
DISTRICTS 1- RAWALPINDI 12- LAHORE
2- ATTOCK 13- KASUR
3- JHELUM 14- MULTAN
4- GUJRAT 15- SAHIWAL
5- sargodHa 16- VEHARI
6- MIANWALI 17- MUZAFFARGARH
7- JHANG 18- D.G. KHAN
8- FAISALABAD 19- BAHAWALPUR
9- SIALKOT 20- BAHAWAL NAGAR
10- GUJRANWALA 21- R.Y. KHAN
11- SHEIKHUPURA
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Appendix I).
1.4.2 Punjab ' s Agriculture
While Punjab is one fourth of the area of Pakistan it supports 
more than half the population5. Out of its 47.1 million people, 
72.47 per cent live in rural areas. As Table:1.2 indicates, it enjoys 
a major share of irrigated area, number of tubewells and quantity of 
chemical fertilizers used and so its contribution towards gross 
agricultural product of the country is also major.
Land distribution is very skewed in Punjab. Farms less than 12 
acres are 65 per cent of total number, but occupy only 32 per cent of 
area. Holdings between 12 and 25 acres are 23 per cent and hold 30 
per cent of land, and farms between 25 and 50 acres are only 9 per 
cent but hold 21 per cent of farm land. On the top, big farms more
than 50 acres are only 3 per cent but own 17 per cent of farm land6
Land fragmentation is one of the major problems in the province
(see AppendixiII). The majority of farms in almost all the districts
have fragmented holdings.
The intensity of agriculture is very diverse. The extent of 
irrigation varies from 100 per cent in the canal colony area to 4 per
5 Relative share of Punjab in total population of Pakistan is 56 
per cent. This ratio is based on the provisional estimates of 
population given in G.O.P., 1981, Agricultural Statistics of
Pakistan 1980, p195.
6 Khan, D. A. 1979 p. 55.
Pace 8
cent in Rawalpindi district area. Similarly, cropping
intensity varies from 141.5 per cent in Lahore to 62.3 per cent in
D.G. Khan district ( Appendix:II).
Major crops of the Punjab are wheat, cotton, rice, sugarcane and 
gram. The cropping pattern has not changed radically for more than 
two decades. Only slight changes took place in the cropped area for 
some of the crops. For example the area under wheat, rice, sugarcane 
and fodder showed increase and that of millet, pulses and gram went 
down. The fall in the area under pulses and gram might have acted as 
one of the major causes of a severe pulses shortage in Pakistan during 
1980-82. Linseed and tobacco, already very small, now look as if they 
were being eliminated from the cropping pattern (Table:1.3)
Table : 1.2
Punjab *s Share in Agricultural Inputs and 
Gross Agricultural Product: 1976-77
Indicators Pakistan Punjab
Punjab’s 
Shared)
Cropped Area (Million Acres) 44.5 30.0 67
Irrigated Area (Million Acres) 34.2 23.4 68
Tubewells (Thousands) 167.5 144.2 86
Chemical Fertilizers
(Thousand Nutrient Tonnes)
631.0 414.0 66
Gross Agri. Product: 1968-69 
(Million Rupees)
14.7 10.1 69
Source: Musharraf, J., 1980, Growth in crop Output: Pakistan
and Indian Punjab, MADE thesis, A.N.U
p. 11-12
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Since the introduction of new seeds to Punjab during the mid 60’s 
the agriculture in the area is becoming modernized. With new seeds 
the use of chemical fertilizers has increased. Tractors, tubewells 
and other farm machinery have also become more popular (Table:1.4). 
The big jump in the use of these inputs during this period is very 
clear. However, Punjab’s agriculture, as it marches towards 
modernization is both encouraging and frustrating.
It is encouraging that seed-fertilizer innovations are ’size' and 
’tenure’ neutral (Ruttan 1977, p . 17-8), therefore, they are widely
and rapidly adopted in Punjab’s agriculture. As a result it is 
expected that the use of labor will increase. According to Lewis 
(1970, p . 550) ’’the package which makes up the Green Revolution-
better seeds, more water, pesticides, fertilizers, better cultivation- 
is quite labor-intensive in each of the agriculture seasons". The 
labor using affect of new seeds is also observed in many other studies 
( see for example reviews done by Bartsch 1977, p. 11-40; and Ruttan 
1977, p. 17-8)7. Moreover, tubewell irrigation increased yields of 
crops (Keneda and Ghaffar 1970, p. 72-4) and thereby incomes of
farmers. It also induces farmers to use more labor(Ibid., p. 76; 
and Clay 1975, p. 83).
On the other hand, the modernization of Punjab’s agriculture is 
frustrating because:
(a) Tractors, threshers and other machinery of this sort are labor 
displacing innovations. Binswanger (1978, p .51-2) in his review 
of tractorization studies indicates that the number of tractors
in use have a potential to reduce labor absorption in
rage IU
Table : 1.3
Cropping Pattern Followed in Punjab for some 
Selected Years
Percentage of total cropped area in year 
Crops 1955-56 1960-61 1964-65 1971-72 1976-77
Summer Crops
Rice 4.04 5.88 5.82 6.08 7.55
Maize 2.29 2.50 2.27 2.54 2.31
Sorgham 2.92 2.59 2.72 2.07 1.79
Millet b. 08 4.99 4.90 4.05 3.15
Pulses 1.98 1.98 1.16 0.72 0.66
Sugarcane 2.48 3.40 3.39 3.46 4.72
Cotton 10.95 9.46 10.53 13.23 11.67
Fodder 5.34 6.90 7.02 7.47 7.68
Others 1.49 1.87 2.54 3.16 3.47
Winter Crops
Wheat 36.93 34.92 35.21 37.39 37.74
Gram 10.47 8.23 9.36 6.13 6.45
Barley 1.18 1.13 1.40 0.69 0.74
Tobacco 0.22 0.23 0.31 0.20 -
Pulses 1.54 1.58 1.21 0.47 0.51
Linseed 0.04 0.06 0.08 0.14 -
Rapeseed 7.54 8.86 8.46 7.95 7.58
Others 1.29 2.74 1.55 1.43 1.56
Source: Khan, D. A., 1979., p. 59
Table : 1.4
Number of Tractors, Tubewells and the Use of 
Chemical Fertilizers in Punjab in some 
Selected years
Items 1955-59 1960-64 1965-68 1974-76
Tractors 472 2,949 11,369 28,747 .
Tubewells 2,800 23,900 42,300 144,100
Chemical Fer- 13,000 49,000 131,000 370,000
tilizers(N.T)
i
Sources: 1 Hirashima 1978, p. 72
2 Musharraf 1980, p. 168 and 182
7 These technologies are found to be labor intensive in other 
countries also. For example see also Robert and Show 1970, p. 
90 for Philippines; Billings and Singh 1970, p. 105 for India; 
and Namdar 1980, p. 30-45 for Pakistan Punjab.
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agriculture. However out of 58 studies he reviewed he could not 
find any significant positive or negative trend, but he believed 
in negative effects (though slight) of tractor use on labor in
farming. Bartsch (1977, p . 11-40) in his review of
•technology’ and ’technique’ studies shows that in most of the 
studies a change in ’technique’ (i.e. generally animal power to 
mechanical power in the form of tractor) affected labor use 
negatively. Therefore, the use of tractor potentially reduces 
the use of labor on the farm. Bose and Clark (1969, p. 289)
report a 50 per cent decrease in labor use on tractor farms in
Pakistan. Ahmad (1983, p. 67) in Pakistan Punjab and Mclnerney 
and Donaldson (1975 as mentioned in Binswanger 1978, p. 52) in 
Pakistan also found negative effects of tractors on labor use8. 
However, some of the studies conclude that the use of tractors in 
Pakistan’s agriculture does not necessarily decrease labor (Salam 
and Hussain 19Ö1, p. 1 0 1 ) .  Some others favour the view that the 
use of tractor in fact increase the use of labor on farm (Wizarat 
1982, p. 16-23). These results are due to only large farms in 
the sample in the Salam and Hussain study, and due to aggregate 
analysis in the Wizarat study. On an aggregate basis, labor use 
has increased on farm (see section 2.4 below) despite the fact 
that tractor use has also increased. But this increase cannot be 
attributed to increased use of tractors. Overall, however, the 
evidence seems to point to increased mechanization as reducing 
labor use.
8 Following studies also found that tractors decreased labor use on 
farm in different environments: Billings and Singh 1970, p .105 
(India); Krishna 1982, p. 314 (India); Barlow and et-al 1983, 
p. 93 (Philippines); Soltani 1974, p. 46 (Iran);and Singh 
1968, p. 85 (India).
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(b) The effect of tractor on yields is still not clear. Wherever the 
yield difference between tractor and bullock farms is reported, 
it is generally accompanied by a difference in the levels of 
fertilizer and other inputs used (Binswanger 1978, p. 30-7). On 
the other hand the social cost of tractor is much higher than the 
benefits (Keneda 1969, p. 126-9) due to loans for tractors at 
very low interest rates, displacement of labor, etc. Moreover, 
each person displaced by tractor needed Rs.15,000 to be settled 
in an urban area in 1969 as estimated by Bose and Clark (1969, p. 
291).
(c) According to Gotsch (1980, p. 30) tractor owners are increasing 
their farm size and displacing tenants (also Salam 1977,438-39). 
As observed by Salam (Ibid), most of the displaced tenants had to 
shift to some other village to get land for cultivation. Few of 
them became laborers. Tenants are an important part of Punjab's 
agriculture. To let them be displaced like this without planning 
may affect the performance of the agriculture sector.
Therefore, in this study an attempt is made to uncover some of 
the factors which are affecting labor use in agricultural production 
activities.
1.5 Methodology
In order to test hypotheses (section 1.3) two methods are used: 
first, the descriptive statistics method; and second, the 'labor use
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functions’ method.
By using means and variances of farm categories, both time 
periods can be compared and the significance of difference can be 
tested by the *T' test. Had the population variances been known the 
'Z' statistic could have been used. However, since population 
variances are not known the ’T ’ statistic is used here to compare the 
means of pairs of ’farm categories', and the pairs of time periods. 
The 'T' statistic used here is for the large independent samples where 
universe variance is not known. However, in pooled data where sample 
size of some of the farm categories is small the formula for ’T' 
statistic suitable for small sample is used.
In the second approach, 'labor use functions’ are be estimated 
for different categories of labor (i.e. total, family, casual, and 
permanent hired) by using both the sets of data separately.
1.6 Description of Data
This study uses two sets of data. First set comprises pooled 
information of 6 years from 1966-67 to 1971-72 with 17 cross-sections, 
i.e. 102 observations9 in all. Table:1.5 shows the distribution of 
17 observations among 3 sample districts of Punjab, namely Gujranwala, 
Faisalabad and Sahiwal. For data collection the same 17 farms were 
visited repeatedly each year. Therefore, it may be called 'panel 
data’. For recording information about the sample farms, Punjab
9 This set of data is compiled from the annual reports published by 
Punjab Economic Research Institute (Old name: Punjab Board of
Economic Enquiry) on 'Farm Accounts and Family Budgets of the 
Punjab'.
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Economic Research Institute, Lahore has stationed investigators 
permanently on sample farms called centres. They record information 
as participant observers. At the end of each year they send their 
records to the Institute where the data is analysed and published in 
the form of a report entitled ’Farm Accounts and Family Budgets of 
Cultivators in Punjab’. In order to supervise the investigators, 
regular and surprise visits of all the centres are made during each 
year by senior officers who also are well familiar with the area.
The selection of centres is not random, however, the selection of 
17 sample farms is random. But the main criterion used for selection 
of a centre is the representativeness of the area. Usually one centre 
operates in one major crop ecological zone. The convenience of 
investigators is also taken into account in selecting a place for 
centre so that they are not put too far away from their permanent 
places of residence. However, investigators are usually employed from 
the same area to avoid this problem.
The second set of data contains information for 204 farms for the 
crop year 1981-82. These farms come from the same 3 irrigated 
districts of Punjab as in pooled data. In this expanded sample, for
Table : 1.5
Distribution of Sample Farms into Various Categories
( Pooled Data )
Districts Number of 
Owners
Number of 
Tenants
Total No of 
Farms
Gujranwala 3 3 6
Faisalabad 2 3 5
Sahiwal 3 3 6
Total 8 9 17
Pace 15
convenience, villages near the already operating centres were 
selected. However, the care was taken that they represent most 
characteristics of the area. As regards the selection of sample farms 
from these villages, it was random, but the total size of the sample 
was decided arbitrarily. For collecting data at least one visit was 
made to each farm.
These data include small, medium and large farms. Each size has 
a proportion of owners, owner-cum-tenants and tenants except district 
Faisalabad which does not include tenants. Table:1.6 gives details of 
the sample
The data collected from these farms are for the whole crop year 
1981-82. The work was done by a team of numerators under the 
supervision of an economist. Two sets of data are being used in this 
study for the following reasons:
(i) The first set of the data, covering 17 farms, is too small a 
sample to say much about the area. To overcome this weakness a 
larger sample was needed. The second set of the data covering, 
204 farms of of the same irrigated districts, is much better as 
regards coverage. Despite the limitations of the first set of 
data, it is being used in this study because it gives 
information about the farms when new ideas were being 
introduced. It, therefore, provides information about some sort 
of reaction of farmers to the new ideas.
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(ii) The comparison of first set, the starting time, and the second 
set, about fifteen years after, can reveal some of the trends of 
farmer's adjustment regarding labor use in the face of changes 
in agriculture over time. How farmers adjusted themselves is a 
matter of interest for any researcher of the subject.
Table : 1.6
Distribution of Sample Farms into Various Categories 
( Cross-sectional Data )
Farm sizes/ Rice Zone S. cane Zone Cotton Zone Total
Tenures (G. Wala) ( F. Abad ) ( Sahiwal )
Small Farms 40 21 34 95
Owners 
Owner cum
34 13 23 70
Tenants 5 8 4 17
Tenants 1 0 7 8
Medium Farms 28 13 19 60
Owners 
Owner cum
22 7 8 37
Tenants 3 6 5 14
Tenants 3 0 6 9
Large Farms 16 19 14 49
Owners 
Owner cum
8 15 7 30
Tenants 5 4 3 12
Tenants 3 0 4 7
Total Farms 84 53 67 204
Owners 
Owner cum
64 35 38 137
Tenants 13 18 12 43
Tenants 7 0 '17 24
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(iii) Because the first set do not give separate information on the 
use of tractors, and tubewell irrigation it was necessary to use 
the second set to know how mechanization and suplementary 
irrigation affected labor use.
1.7 Description of Farm Categories
Farms are categorized according to farm size, tenure and cropping 
pattern to test hypotheses regarding these attributes. However, the 
farm categories used in analysis are in aggregate form, i.e no 
subcategory of any main category is used because the sample does not 
provide adequate numbers of observations for each subcategory. For 
example in rice zone, small farms are 40 (Table 1.6), and when they 
are subcategorized they are divided into 34 owners, 5 
owner-cum-tenants and 1 tenant. A similar pattern of distribution is 
found in other zones.
The definition of each farm category is as follows:
Farm tenure is defined on the basis of ownership 
rights; three tenurial categories are owners,
owner-cum-tenants and tenants. Farmers who own all of their 
farm land are called owners, and who rent-in all of their
farm land are called tenants. In between both of thesei
extremes come owner-cum-tenants. They own a part of their 
farm land and rent-in the rest. A piece of land is 
rented-in either on annual lease basis for cash rent or on
crop share basis. Both the methods are used frequently in
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Punjab. In cash leases rent is usually negotiated and 
contracted annually. This contract may be renewed. In 
share tenancy the land — lord generally provides land and 
tenants labor and other inputs. The final produce is 
divided equally. However, now in some cases the land lord 
also shares in agricultural inputs except labor.
The first set of pooled data have two tenures (i.e. 
owners and tenants) because there is no farmer in the sample 
who comes under owner-cum tenants category. The second set 
of cross-sectional data, however, has all the three tenurial 
categories.
Farm size is defined on the basis of the cultivated 
area of land held by a farmer. The farms sizes used in this 
study are small, medium and large. All the farms operating 
with less than 12.50 acres of cultivated area are defined as 
small, more than or equal to 12.50 and less than 25 acres 
medium, and more than or equal to 25 acres large
This division into three sizes while arbitrary was
found to be suitable in this study for two reasons.
Firstly, to keep the number of size categories manageable.
Secondly, while the definition of size of farm may differ
from country to country, depending on the fertility of soil
and pressure of population. In Pakistan, irrigated farms of 
< *
12.50 acre's are considered to be an economic unit which
could support an average family. Farms having 25 acres or
more are considered large. This study follows these norms
and the the sizes are defined accordingly.
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Sample farms in first set of pooled data mostly fall 
under medium farm size category. Only one or two farms fall 
in each of small and large categories. Therefore, the farms 
are not divided into size categories. But in 
cross-sectional data sufficient number of farms in each 
category are available.
Cropping pattern may be defined as a crop mix. Since 
different crops need different operations, it is expected 
that different cropping patterns (crop mixes) will vary in 
labor use. Cropping patterns investigated in this study are 
represented by (a) rice zone, (b) sugarcane zone and (c) 
cotton zone. As is clear from the name of zones, the 
cropping patterns are distinguished on the bases of summer 
crops. This is because wheat is a major common crop in all 
the areas of Punjab during winter. Summer crops depend on 
the suitability of different areas. For example rice zone 
means that this area is suitable for rice which is therefore 
a major crops in the area along with wheat in winter. 
Similarly sugarcane and cotton zones are suitable for 
sugarcane and cotton in summer respectively and both grow 
wheat in winter.
1.8 Description of the Sample Area
Description of the major characteristics of the sample districts, 
namely Gujranwala, -Faisalabad and Sahiwal, is given in this section as 
follows:
Gujranwala represents the rice zone. It is
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representative of Lahore, Sheikhupura, Kasur and Gujrat 
districts which all grow rice as a major crop in summer. It 
has an irrigation ratio of 93.3 compared to Gujrat which has 
only 63 per cent and the others which are all 100 per cent. 
The major source of irrigation is canal. It has cropping 
intensity of 131 per cent. In other districts of the group 
cropping intensity varies from 141.5 per cent in Lahore to 
114.1 per cent in Gujrat. It has 15.93 per cent of 
cultivated area affected by water-logging and salinity. 
Cultivated area per rural inhabitant is 0.7 acre, and 65 per 
cent of farms are fragmented (AppendixiII).
Faisalabad falls in the sugarcane zone. It is roughly 
comparable with Sargodha and Jhung districts. It has 100 
per cent irrigation ratio as compared with its other 
partners which have 69.2 and 89.8 per cent respectively. 
Cropping intensity is 121.1 per cent. Area affected by 
water-logging and salinity is 17.46 per cent, and fragmented 
farms are 49 per cent of total number of farms. Area per 
rural person is about 0.6 acres (Appendix:II).
Sahiwal represents the cotton zone. It is roughly 
comparable with Multam, Rahim Yar Khan, Vehari, Bahawalpur, 
Bahawalnagar and Muzaffargarh. It comes in canal colonies 
of Punjab, therefore, has 100 per cent irrigation. All 
other districts in this group also have 100 per cent 
irrigation except Dera Ghazi Khan and Muzaffargarh which 
have 93*3 and 89.3 per cent respectively. Cropping 
intensity in Sahiwal is 115.7 per cent, and water-logged and 
saline area is 11.6 per cent. The extent of fragmentation
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is 49 per cent. Area per rural person is about 0.4 acre 
which is the lowest in Punjab (Appendix:II).
It is common observation in the area, as well as for other parts 
of Punjab, that irrigation water supplied by canals is around half the 
needs if a farmer wants to grow two crops a year on each cultivated 
acre. Also, during winter, when water becomes less in rivers due to 
less snow melting in the catchment area, the supply of canal water is 
further reduced. Usually that is the time when a farmer is in dire 
need of water to irrigate his young crop of wheat to save it from 
frost. Moreover, most areas are under the threat of water logging and 
salinity. Therefore tubewells are being used as a solution to both of 
these problems. However, tubewell irrigation is limited by the 
suitability of ground water because in many areas ground water is not
Table : 1.7
Source of Irrigation, Soil Type, Rainfall and 
Water Table in Sample Districts
Gujranwala 
District
Faisalabad
District
Sahiwal
District
Mode of Irrigation Canal/
Tubewell
Canal Canal
Type of Irrigation Seasonal
canal/
Tubewell
Perennial Perennial
soil Type Sandy to
Sandy-
loam
Loam to
Sandy-
loam
Sandy-
loam
Rainfall (Inches) 17.80 4.75 3.76
Water Table (Inches) N. A. 30 30
Source: Qazi, Z. I., and Mohammad, S., 1972., Farm Accounts
and Family Budgets of Cultivators in the Punjab 
1969-70, The Board of Economic Enquiry Punjab.
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suitable for crops.
Table:1.7 above depicts some more details of sample districts 
regarding sources of irrigation, type of soil, rainfall and water 
table. Gujranwala has the highest average rainfall among the sample 
districts. Water table is almost at the same level in all the 
districts, and canals are the main source of irrigation.
1.9 Limitations of the Study
This study is limited by the data as follows:
(1) The first set of data, collected over 6 years, while starting in 
the year when new seeds were introduced, covers insufficient time 
for before and after comparisons.
(2) Also, these data do not give details of labor use cropwise, 
varietywise or operationwise. Labor data are given in aggregate. 
Hence a comparison of new and old varieties of seeds as consumers 
of labor is not possible. Moreover, the details of use of 
machinery on sample farms is also lacking. Hence the comparison 
of mechanized and nonmechanized farms is also impossible. Unless 
the value of implements, which may include expenditure on 
machinery is used as as an indirect measure of mechanization. 
But no serious conclusions can be drawn from this indirect way. 
However, the combined effect of 'technique' and 'technology' 
changes can be estimated by using time trend as one variable.
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(3) The size of sample in the first set (1966-72) of data is too 
small. Despite utmost care taken in selecting an area which 
could represent a particular cropping pattern, it is not possible 
to say much about whole Punjab on the basis of such a small 
sample of 17 farms.
(4) The second set (1981-82) of data has a sample of 204 farms. In 
this set the information on labor use is on a monthly basis. 
Hence the break up of analysis on the basis of variety or crop is 
not possible even with this big set of data. However, it gives 
sufficient details of tubewell irrigation and the use of tractors 
for effects of these two factors on labor to be estimated.
1.10 Organization of the Study
This study is divided into six chapters. Chapter 2, which 
follows this introductory chapter, reports the results of this study 
derived from descriptive statistics. Means and variances of pairs of 
farm categories are tested for equality of means by using ’T' test. 
Chapter 3 explains the analytical framework used for the estimation of 
’labor use functions'. It includes the discussion on the formulation 
of ’labor use functions', single equation estimation bias, pooling, 
selection of functional forms, selection of explanatory variables, 
explanation of expected signs of explanatory variables and review of 
related studies. The studies are reviewed to see which type of 
econometric models they used and what conclusions they drew.
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Chapters 4 and 5 report the regression results. Chapter 4 
reports regression results of labor use functions’ estimated by using 
1966-72 data. Chapter 5 contains results of labor use functions 
estimated from 1981-82 information. However, before estimating the 
functions from these sets of data, an *F* test is applied in order to 
check whether data can be pooled or not. The results of the analysis 
are compared with other related studies, and differences and 
similarities are explained.
Chapter 6 concludes this study and gives a summary of results and
policy conclusions.
CHAPTER 2
LABOR USE IN PUNJAB'S AGRICULTURE
2.1 Introduction
In this chapter summary statistics (e.g. mean values) of labor 
use and other factors are analysed. The significance of difference 
between means is tested by using 'T' test. The discussion in this 
chapter is divided into four parts. They are (a) relative importance 
of various types of labor, (b) patterns of labor use in different farm 
categories, (c) effects of tractors and tubewells on labor use, and 
(d) analysis of changes between both the study periods.
2.2 Relative Importance of Various Types of Labor 
2.2.1 Share of Family Labor
Total labor used per acre in 1966-72 is 48 man days on average. 
Out of it 37 (i.e 77 per cent) are provided by the family (Table:2.1). 
A similar trend can be found in all categories of farms. All draw 
more than two third of their labor needs from family sources (See 
Appendix III, Tables:A3.1 and A3.2). In 1981-82 (i.e. about 15 years 
after the introduction of new high yielding seed varieties, chemical 
fertilizers and other modern inputs in the area), the amount of labor 
has increased considerably to 61 mandays, 51 of which are provided by 
family, more than 80 per cent of the total labor requirements.
Not only the relative share of family labor has increased over 
the mean of pooled data, but the absolute amount has also gone up. 
For example, it is 37 man-days per acre in 1966-72 data and is 51
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man-days in 1981-82.
Farms remain predominantly family operated even after the full 
impact of technological changes. With time and technological change 
the involvement of family has increased. From this it looks as if 
farms have moved further up on the same trend line (Gotsch and Falcon 
1975, p. 27).
2.2.2 Share of Casual and Permanent Hired Labor
The share of casual labor in pooled data on the average is 21 per 
cent and of permanent hired labor 2 per cent (Table:2.2) The relative 
share of casual labor is quite stable in all the farm categories, 
whereas permanent labor varies from zero to 8 per cent. Two crop 
zones out of three, and one tenure out of two do not use permanent 
hired labor at all. But by 1981-82 the situation has changed quite 
considerably. The share of casual labor has dropped to 11 per cent, 
and that of permanent labor has gone up to 5 per cent. Also, now
TABLE : 2.1
SHARE OF FAMILY LABOR 
(1966-72 AND 1981-82)
Years
i
i
! N
j
t
i
! Man Days Per 
! Total Labor**
i
j
Cultivated Acre*!
i
Family Labor** !
i
share of 
Family Labor 
( % )
1966-72 102 48 37 77
(Pooled)
1981-82 204 61 51 84
(Cross-sectional)
* Standard 8 hours days
** The difference between the means is tested by using *T * test. 
The means of both the periods are significantly different from 
each other (see appendix III, Table:A3.9 for details)
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almost all farm categories use permanent hired labor (Tables 2.2, 2.4, 
2.5). Permanent hired labor substitutes for family as well as casual
labor. Usually farmers replace a part of family and a part of casual 
labor with permanent hired labor. This move towards permanent hired 
labor may be due to the farmers1 behaviour as a result of expected 
shortage of labor during peak labor demand season. This expectation 
may emerge; (a) due to present shortage of labor, which may indicate 
possible future trend, (b) due to rising wage rate. If present wage 
rate is rising it may indicate that either the supply of hired labor 
is going down or demand for labor is going up. Both of these 
situations may end with a shortage of labor during peak labor demand
TABLE : 2.2
SHARE OF CASUAL AND PERMANENT HIRED LABOR
Casual Labors Permanent Hired Labor@
! ! Share in !
Categories ! Man Days* ! Total Labor! Man
! ! ( % ) !i _ i __ _ i
Days
! Share in 
ITotal Labor
! ( % ) i ___ ____
! ! ! ! !
166-72 !81-82!61-72 !81-82!66-72
! i j i t
j
!81-82 j
! j
!66-72 181-82 ! I
All Farms 10 7 21 11 1 3 2 5
Rice zone 12 15 20 25 0 3 0 5
S. Cane Zone 10 5 21 8 0 3 0 5
cotton Zone 9 0 20 0 3 2 8 3
Owners 10 8 20 13 2 3 4 5
Owner-cura-
Tenants _#* 6 - 10 - 2 - 4
Tenants 10 4 21 8 0 0 0 0
Note: * Standard 8 hours man-days.
** No data.
§ The difference between the means is tested by 'T' test 
For the calculated values of *T' and their significance 
levels see Appendix III, Table:A3.9.
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time.
Another possibility for this substitution may be migration. If 
some of the family members migrate to the city, they are usually young 
because expected income for them is higher than for the old (Todaro 
1977, p. 218-22). Fewer and older people are left on the farm. To 
ensure availability of at least minimum labor requirements in this 
situation, they sometimes decide to hire permanent labor well before 
time, reducing the casual labor requirements. But on the other hand 
once labor is hired permanently it will be kept for whole of the year 
whether or not it is needed for all of the time in the slack season. 
Consequently, for some of the time permanent hired labor may be 
surplus on the farm. In this situation, a farmer may decide to 
replace a part of his family labor with the permanent hired labor.
Also this assurance of labor supply may be important because with 
the introduction of new technologies, greater emphasis is on 
timeliness. Bardhan (1978, p. 28) also observed increase in the use 
of "permanent farm servants" in the "overwhelming majority of 
villages" in India. Moreover, due to the introduction of tractors it 
has become important for tractor owners to keep some permanent workers 
like drivers, if no family member is doing this important job, 
otherwise they will risk their equipment being mishandled and involved 
in accidents.
2.3 Patterns of Labor Use in Different Farm Categories 
2.3.1 Labor Use in Different Cropping Patterns
In 1966-72 means of total labor as well as family labor 
(Table:2.3) for all the 3 cropping zones are significantly different 
from each other. Thus different cropping patterns use different labor
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quantities per acre. But in 1981-82 the difference is not 
significant. The rice zone reversed its position from the highest 
labor user in pooled data to the lowest in cross-sectional data. This 
may be due to its shift towards casual and permanant hired labor. 
Wage labor is considered to be more efficient than family labor 
(Mahmood and Haque 1981, p. 152), therefore, less wage man days are 
required to do a particular work as compared with family labor.
Although different cropping patterns do not differ in total labor 
use in the cross-sectional data, family labor use is different. The 
difference is significant between rice and sugarcane, and rice and 
cotton. However, the difference is not significant between sugarcane 
and cotton.
The use of casual labor is highest in rice zone in both the 
periods (Table:2.4). The difference between means of casual labor, 
though small, is statistically significant between rice and cotton
TABLE : 2.3
CROPPING PATTERN AND LABOR USE 
(MAN DAYS* PER CULTIVATED ACRE)
FARM
Categories
Total Labor®
i
! Family
i
i _
Labor®
1966-72
i
! 1981-82
i
! I
! 1966-72 !
; t
1981-82
All Farms 48 61 37. 51 
Rice Zone 57 60 45 42 
Sugarcane Zone 48 63 3& 55 
Cotton Zone 40 61 38 59
NOTE: * Standard 8 hours man days
@ The difference between the means is tested by 'T* test 
For the calculated values of 'T’ and their significance 
levels see Appendix III, Table:A3«5 and A3.6A.
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zone in 1966-72, but in 1981-82 respondents from cotton zone do not 
report the use of casual labor. The rice zone has three times casual 
labor than the sugarcane, and the difference is statistically 
significant at 1 per cent probability level.
Greater use of casual labor on rice farms may be explained by the 
large requirements for it during transplanting and harvesting. At the 
time of sowing and harvesting in Punjab, rice needs more timeliness as 
compared with sugarcane and cotton. For example, transplanting is 
done in the field when the soil is drowned with water. Thus once a 
farmer has flooded the rice field he must get rice transplanted into 
it before the water seeps down. In this situation one can't always 
rely on family labor because for this purpose much more people are 
required to get transplanting done in shortest possible time. 
Similarly, at the time of harvesting once the crop is ready then there 
is very little time left before losses of paddy commence. To avoid 
this loss a farmer needs to have his paddy harvested as soon as 
possible. Thus here again he needs casual labor, because paddy is 
still hand, not mechanically, harvested in Punjab.
The use of permanant hired labor is more common in 1981-82 than 
1966-72 (Table:2.5) This may be due to increased confidence in 
agriculture as a result of new high yielding seeds, use of chemical 
fertilizers, in some of the areas the use of tubewells either to 
supplement canal irrigation or irrigate virgin lands, etc., which 
enhanced the productivity of land. Gupta (1977, p. 131-58) found 
"high proportion of hired agricultural workers in the population" 
where land productivity levels were high in India..
2.3*2 Labor use in Different Tenures
Total labor used in 1966-72 on tenant farms is slightly lower
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than on owner farms. This small difference is present in all the
TABLE : 2.4
OF CROPPING PATTERN ANB THE USE OF CASUAL LABOR
!
i
Farm !
i _
Man Days*
!
i
»
. i_
share in Total Labor 
( % )
Categories !
«
»
i
1966-720 ! 1981-820
i
!
»
j
i
1966-72 ! 1981-82
i
All Farme 10 7 21 11
Rice Zone 12 15 20 25
Sugarcane Zone 10 5 -20 ?-! 8
Cotton Zone 9 0 20 0
Note: * Standard 8 hours' man day.
0 The difference between the means is tested by 'T' test
For the calculated values of and their significance
levels see Appendix III, Tables:A3.5, A3.6A and A3.9.
TABLE : 2.5
CROPPING PATTERN AND THE USE OF PERMANENT
HIRED LABOR
i
Farm !
i.
Man Days* ! Share in Total 
( * )
labor
Categories !
i
i
1966-720
t f
! 1981-820 !
j I
j
1966-72 ! 1981 
j
-82
All Farms 1 3 2 5
Rice Zone 0 3 0 5
Sugarcane Zone 0 3 0 5
Cotton Zone 3 2 8 3
Note: * Standard 8 hours’ man day.
0 The difference between the means is tested by ’T’ test 
For the calculated values of 'T' and their significance 
levels see Appendix III, Tables:A3.5, A3.6A and A3.9.
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categories of labor except permanant hired labor, between both the 
tenures, but this is not statistically significant. The case of 
permanant hired labor is different as tenants do not use it. Thus it 
is about 4 per cent of the total labor use of owners, and is zero for 
tenants (Table:2.6).
In 1981-82 all classes of labor use are lowest on tenant farms 
and highest on owner farms. Owner-cum-tenants occupy an intermediate 
position as expected because they are partly owners and partly 
tenants. The difference between owners and tenants in using total 
labor is statistically significant, but not for comparisons between 
owner-cum-tenants and other tenurial categories. In case of family 
the difference between means is not significant in any of the pairs. 
Means of casual labor again differ significantly between owners and 
tenants. Tenants do not use permanant hired labor in either of the 
sets of data (Table:2.6).
The difference in the patterns of labor use among the tenures may 
be explained in terms of security of tenure. Tenants do not enjoy 
security and permanence of tenure as owners do, therefore, according 
to Mahmood and Haque (19 81, p. 154), "It is likely to reduce the 
incentives for a tenant to make important labor increments such as 
improving drainage, etc." Due to this reason tenants may be using 
less, specially hired, labor on their farms.
2.3.3 Labor Use and Farm Size
Sen’s paper "An aspect of Indian Agriculture" (1962) started 
debate on the issue of 'size' and 'productivity' relations. He says " 
The total amount of family labor applied per acre goes up remarkably 
as the size falls, so that in spite of the fact that in some areas the 
amount of wage labor applied falls as the size gets smaller, the total
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amount of labor per acre is inversely correlated with the size of 
farm" (Ibid p. 245).
The data used in this study also shows the same type of 
relationship. Small farms use the highest amount of total labor, and 
large farms the lowest (Table:2.7). The same trend is found in the 
use of family labor. Medium farms are in the middle. The differences 
of mean values of total and family labor use among these size 
categories of farms are statistically significant. As regards the 
casual and permanant hired labor the pattern of use is inverse, i.e. 
smaller farms use less and larger more. It is exactly in line with 
the findings of Sen (1962). The pattern of labor use shown in
TABLE : 2.6
TENURE AND THE USE OF LABOR
( Man Days* )
Categories
i
i
i
! Years
f
i
! Farm Categories
i
i _
f f  f f
of Labor i
j
i
1
! ! ! Owner-
! All Farms@! Owners^! cum-
! ! ! Tenants
! ! !
;
! Tenants@
i
j
Total 66-72 48 50 _ #* 47
81-82 61 63 58 50
Family 66-72 37 38 _ ## 37
81-82 51 52 50 46
Casual 66-72 10 10 _ ** 10
81-82 7 8 6 4
P. Hired 66-72 1 2 _ ** 0
81-82 3 3 2 0 .
!
Note: * Standard 8 hours' man days
** No owner-cura-tenants were in 1966-72 sample.
@ The difference between the means is tested by 'T' test 
For the calculated values of 'T' and their significance 
levels see Appendix III, Tables:A3.5, A3.6A and A3.9.
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Table:2.7 by small farms seems quite logical because due to various 
economic and institutional constraints family labor does not usually 
have many alternative employment opportunities outside agriculture.
2.4 Tractor and Tubewell Availability and Labor Use
The effects of canal, tubewells and tractors on labor use in the 
second period are estimated on the basis of ’use’ or ’nonuse’ of these 
inputs to give 6 groups. These groups (Irrigation-Technique mixes) of 
farms are as follows:
(1) Canal irrigated farms
(2) Tubewell irrigated farms
TABLE : 2.7
FARM SIZE AND THE USE OF LABOR 
( Period 1981-82 )
( Man Days*/ acre)
Farm size
Categories of Labor
(Cult. Acres)
Total
Labor
Family Casual Permanant
Hired
Man % of 
Days@ Total
Man % of 
Days@ Total
Man % of 
Days@ Total
Less than 12.50 78 72 92 6 8 0 0
12.50 less than 
25.00 52 40 77 8 15 4 5
25.00 or more 39 2 3 59 10 26 : 6 15
Note: * Standard 8 hours’ man days.
§ The difference between the means is tested by 'T' test 
For the calculated values of ’T ’ and their significance 
levels see Appendix III, Table:A3.6A.
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(3) Canal and tubewell irrigated farms
(4) Canal irrigated farms with tractor
(5) Tubewell irrigated farms with tractor
(6) Canal and tubewell irrigated farms with tractor
Though the source of irrigation and techniques are held constant 
in various groups, to see the effects of change in one factor, yet it 
is not possible to keep farm size and other inputs constant, using 
available data, within these groups in order to see the actual effects 
of each change in source of irrigation and/or farm power. Due to this 
drawback the difference in labor use among above mentioned groups may 
not only be attributed to the change in sources of irrigation or 
techniques. However, from the permanance of trend and repeated 
responses some conclusions can be made about the association of 
tubewell irrigation and the use of tractor with labor use.
Estimates of labor use for the above groups shows that with 
tubewell irrigation (group 2) labor use per acre is maximum 
(Table:2.8). But this type of irrigation is also associated with the 
smallest farm size. Therefore, the high labor use may be due to small 
size. But when canal and tubewell are used in combination (group 3) 
the labor days reduce to even less than canal irrigated (group 1). 
This also looks to be the size effect, however, it may also be due to 
the fact that all the group 3 farms are basically canal irrigated 
farms using tubewell water only when they run into severe shortage of 
water. Then they buy tubewell water only in small quantity. Whereas, 
tubewell farms totally rely on tubewells. Even if they do not own a 
tubewell they enjoy more control over irrigation water and hence more 
responsibility for maintenance as compared with canal irrigation. 
Moreover, if tubewell farms do own tubewell they have to use some
labor for its maintenance and operation.
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The use of a tractor is found associated with reduced labor days 
for all irrigation types. Tubewell with tractor (69 man days per 
acre) are associated with greater use of human power than canal with 
tractor (53) and canal and tubewell with tractor (51).
The difference between the amount of permanant hired labor used 
by tractor and nontractor farmers is not statistically significant. 
Yet the difference in casual and family labor is significant. It 
confirms the findings of Mclnerney and Donaldson (1975, p. 52-4). 
Punjab's agriculture remained traditional even after the adoption of 
tractor (Ibid.; and Gotsch and Fatcon 1975,p- 27). Farmers did not 
adopt all the implements adopted elsewhere to perform specialised 
functions in order to replace seasonal labor. Instead, tractor is
TABLE : 2.8
IRRIGATION TECHNIQUE MIXES, FARM SIZE AND LABOR USE
ON LABOR USE
( Labor in Man days* )
Irrigation
Type
j
! Tractor
1
1
Used
1
! Tractor
1
1
not Used! Means
!
1 j
! Farm !Total@ 
! Size !Labor
! (Acres)!
1 t
1
! Farm 
! Labor 
! (Acres)
1
! Totals 
! Labor
! !
! Farm ITotal 
! Labor !Labor 
!(Acres)!
1 I
Canal 17 53 9 77 13 65
Canal plus 
Tubewell 19 51 11 71 15 61
Tubewell 10 69 9 88 80 79
Means 15.3 57.7 8.7 78.7
Note: * Standard 8 hours' Man Day.
@ The difference between the means is tested by 'T' test 
For the calculated values of 'T' and their significance 
levels see Appendix III, Table:A3.6B.
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mainly used for ploughing and allied operations. Due to that tractor 
is displacing mainly family labor.
These results clearly suggest that tubewell irrigation, if not 
combined with canal, increases labor use on farm, whereas, tractor use 
is found associated with decreased use of labor. These findings are 
in line with the findings of most of the studies mentioned in section 
1.4.2 above.
A majority of the farms (147 out of 204 sample farms) report the 
use of tractor in 1981-82. Because tractor can be hired on hourly 
basis it has become almost divisible technology for consumers of its 
time. The popularity of tractors in Punjab’s agriculture look quite 
contradictory as the area is characterised by surplus labor. One 
explanation of this behaviour of Punjabi farmers may be given through 
’Induced Innovation’ hypothesis. According to this hypothesis if a
TABLE : 2.9
TRACTORIZATION AND LABOR USE 
(1981-82)
Types of 
Labor
i
i
!
i _
Tractor Used@ Tractor not Used@
»
j
i
j
Man Days*! %
i
of total Man Days % of total
Total labor 57.7 100 78.7 100
Family labor 44.6 77.3 72.0 91.6
Casual labor 9.7 16.8 3 7.6
ermanant Hire Labor 3.3 5.7 0.60 0.8
Note: * Standard 8 hours’ man days.
§ The difference between the means is tested by ’T' test 
For the calculated values of ’T ’ and their significance 
levels see Appendix III, Table:A3.6B.
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change in the price of a factor of production is exogenous and 
permanant it will create bias in technological innovation (Binswanger 
1974, p. 964-74)1. Therefore, the technology using less quantities 
of an expensive factor will be adopted (Fellner, 1961). In this light 
when the use of tractor in Pakistan (and in its province Punjab) is 
seen it becomes clear that their use was made very cheap by giving 
subsidies on the purchase of tractors. The loans were given at very 
low interest rates (Mclnerney and Donaldson 1975; and Bose and Clark 
1969). Due to that private benefits from tractor use tended to be 
high. It thus reduced the cost of capital whereas, the real cost of
family labor (in terms of disutility of work) increased2. 
Therefore, farmers prefered to use this cheap power (tractor) instead 
of putting on more labor, which may be socially surplus, into work. 
What happens to the family labor made free by this process in the face 
of minimal alternative employment opportunities available for them? 
Most probably they resort to leisure particularly in the case of large 
farmers. Laxminarayan (1982, p. 44-5) also found ’leisure 
preference’ among Indian farmers with mechanization. Hence in this
1. See also Hayami and Ruttan, 1971; and Binswanger, H.P. et al, 
1974.
2. The use of ’family labor’ has increased overtime (Table:2.1), and 
according to Sen (1966, p. 426), ’’marginal disutility from labor 
is nonnegative and nondecreasing"; see also Fisk, 1975.
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situation Jayasuryia and Shand (1983, p. 26) are right when they say, 
"The overall consequences of the availability of ..labor saving 
innovations... is that Asian LDC’s are switching to labor saving 
techniques at a much earlier stage of development process...".
2.5 Analysis of Changes During Both the Study Periods
A comparison between 1966-72 and 1981-82 may indicate the 
direction and extent of change in agriculture due to changes 
introduced in the mid 60’s. The Former period is important because 
during that period new seeds, fertilizers, and other modern 
agricultural ideas were introduced in the area for the first time in a 
big way. By 1981-82 it is expected that the effects of that 
modernization should have become clear.
Labor use has increased significantly over time. During 1966-72 
average man-days used per acre were 48 whereas they have increased up 
to 61 in 1981-82. This increase cannot be attributed to tractors as 
some researchers do (for example see review of tractorization done by 
Binswanger, 1978). This fact may be clear by looking at the groups of 
farms made on the basis of tractor and tubewell use in Table:2.8. 
Labor use on tractor farms varies from 51 man days to 69 man days. 
The highest figure, i.e. 69 may be partly attributed to tubewell 
irrigation because this group is the highest user of labor in the 
absence of tractor. Other figures on tractor farms, i.e. 51 and 53 
man-days are not significantly different from 48 man-days, the average 
of 1966-72 period. On the other hand, farms without tractor are using 
really very high quantities of labor in 1981-82 at 78.7 man days per 
acre as compared with 1966-72 48 man days per acre. For example canal 
irrigated farm used 77 man days, tubewell irrigated 88 man days and 
canal-tubewell 71 man days. All this increase may be attributed to a
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major change in productivity due to HYV's and fertilizers. If this is 
so it can also be said that whatever increase in labor use, also on 
tractor farms, took place 1966-82 is mainly due to changes in 
technology not in technique.
Further comparisons require information about other factors in 
agriculture for both periods. This information includes cultivated 
area, per acre value of gross revenue, chemical fertilizers, 
implements, technology, etc. This information is presented in 
Tables:2.10 to 2.13 below. In these tables means of all the factors, 
where expressed in value terms, are estimated at constant prices of 
1966-67 (the first year of pooled data in this study), so that the 
element of inflation could be avoided.
Expenditure on implements has decreased considerably not only in 
TABLE : 2.10
THE CHANGE IN IMPLEMENTS, BULLOCK DAYS AND 
TRACTOR USE
(Periods 1966-72 and 1981-72)
Farm
categories
1 1
! Value of ! 
! Implements ! 
! Rupees/acre ! 
! § ! 
1
Bullock
Days/Acre*
§
j
! Tractor use 
! Days/acre*
! @
1
1
! 66-72 
j
1
81-82 !
1
66-72 81=82
1
! 66-72
1
81-82
All Farms 12 8 19 6 NA 0.39
Rice Farms 21 9 19 6 NA 0.55
Sugarcane Zone 6 5 23 8 NA 0.0.6
Cotton Zone 9 9 15 5 NA 0.046
Note : Animals' and tractor days are 8 hours gat
NA Not available
§ The difference between the means is tested by 'T' test 
For the calculated values of 'T' and their significance 
levels see Appendix III, Table:A3.7, A3.8A and A3.9.
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aggregate average, but also in all the farm categories and cropping 
zones except cotton zone where it is same as before (Table:2.10). 
Along with implements the use of bullock labor is moving downhill very- 
fast. Bullock days per acre in 1981-82 are reduced to almost one 
third of the 1966-72 level. Both these changes when seen in the light 
of various studies discussed in chapter 1, indicate that tractor use 
is increasing over time in Punjab. The popularity of tractor use may 
be due to the fact that in Punjab tractor can be easily hired by any 
farm. Since the size of tractor introduced in Pakistan was big, 
tractor owners have much idle capacity of tractor power after their 
own use so they usually decide to hire out.
This popularity of tractors in the area may also be due to, as 
explaine earlier, high subsidies on tractors. For example, a 
Pakistani farmer pays even less cost per tractor horse power than a US 
farmer (Bose and Clark (1969) as mentioned in Salam (1977), p.436)
The use of fertilizer has approximately tripled during this 
period (Table:2.11). For example, in 1966-72 the value of fertilizers 
used per acre is Rs.11 which rose to Rs.38 in 1981-82 for 'all farms'. 
This trend can be seen for other categories of farms also. It 
indicates that farms are adopting new seeds of high potential which 
require more fertilizers.
Value of gross revenue is also on the increase (Table 2.12). It 
is also almost 3 times in 1981-82 as compared with 1966-72. It may be 
attributed to the use of HYV's, use of fertilizers, etc.
The size of holding on the average is= almost the same. It 
remained 16 acres during 1966-82 for all the farms on the average. 
However, there are some minor changes in size in some of the farm 
categories. The sizes of owner and tenant farms are changing. In
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1966-72 their farm size is the same but in 1981—82 the size of owners 
has gone up to 17 acres and that of tenants down to 14 acres. It is 
in line with the findings reported by Mclnerney and Donaldson (1975, 
p. 49), that due to adoption of tractors tenants are being evicted 
and land is being taken by owners for self cultivation. However the 
difference in this study is not statistically significant.
2.6 S U M M A R Y
The main findings are as follows:
(1) A comparison of both the data sets reveals that the difference 
between cropping pattens on the basis of labor use has decreased. 
In 1966-72 most pairs of cropping zones are significantly 
different from each other, whereas in 1981-82 only a few pairs 
are so.
TABLE : 2.11
THE CHANGE IN THE USE OF FERTILIZERS 
(Years 1966-72 and 1981-82)
Farm Categories^
1
1
1
1966-72* 1981-72*
All Farms 11 38
Rice Zone 7 30
Sugarcane zone 11 32
Cotton Zone 15 51
Note: * Value of fertilizer is in Pakistani rupees at
constant prices.
§ The difference between the means is tested by ’T' test 
For the calculated values of 'T' and their significance 
levels see Appendix III, Table:A3.7, A3.8A and A3.9.
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The difference between owners and tenants in labor use looks as
if it was increasing over time. In 1966-72 there is an
insignificant difference between them but in 1981-82 the
difference becomes statistically significant. However, the
TABLE : 2.12
THE CHANGES IN THE VALUE OF GROSS REVENUE
(Period 1966-72 and 1981-81)
Farm Categories^ 1966-72* 1981-82* Percentage
change
All Farms 394 1023 159
Rice Zone 343 1400 308
Sugarcane Zone 432 806 86
cotton Zone 413 895 116
Note: * Value of gross revenue is in Pakistan rupees
§ The difference between the means is tested by ’ T ’ test
For the calculated values of *T* and their significance
levels see Appendix III, Table:A3.7, A3.8A and A3.9.
TABLE : 2.13
CHANGES IN FARM SIZE BETWEEN 1966-72 AND 1981-82
Farms Categories
1
! 1966-72 1981-82 Percentage
1
;
Change
Cultivated Area§
All Farms 16 15 - 7
Rice Zone 14 15 7
Sugarcane Zone 13 15 15
Cotton Zone 20 14 -30
Owners 16 14 -13
Tenant 16 17 6
@ The difference between the means is tested by 'T' test 
For the calculated values of ' T' and their significance 
levels see Appendix III, Table:A3.7, A3.8A and A3.9.
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difference betwen owners and owner-cum-tenants, and owner-cum 
tenants and tenants is insignificant.
(3) Farm size and labor use have negative correlation.
(4) In 1966-72 few farm categories in the sample used permanant hired 
labor. However in 1981—82 data, almost all the farm categories 
used it but the difference is not significant.
(5) Tubewell irrigation shows the highest use of labor when it is 
applied alone. But when combined with canal irrigation the labor 
use becomes even lower than canal only.
(6) Tractor farms use significantly lower farm labor as compared with 
nontractor group of farmers.
(7) The use of labor is increasing over time and the change is 
significant in most of the cases.
(8) The use of modern farm inputs like chemical fertilizers, etc., is 
increasing. The use of bullock labor and consequently the use of 
implements is decreasing over time and may be due to the use of 
tractor.
(9) Gross revenue has increased by about 3 times in 1981-82 as 
compared with 1966-72 period.
If two farm categories are significantly different in labor use 
on the basis of mean values and variances, they may not necessarily 
represent different regression equations. They may lie at different 
points on one line. Therefore, in chapter 4 and 5, before pooling 
different farm categories (and years) for regression estimation of 
'labor use functions a suitable test will be applied to see their 
suitability for pooling. If they are found suitable for pooling, they 
will be pooled together and one equation will be estimated for all of 
them. Otherwise, they will be kept separate and separate regression
equations will be estimated for each of them.
CHAPTER 3
ANALYTICAL FRAMEWORK FOR LABOR USE FUNCTIONS 
3.1 Introduction
Family labor is a main source of labor supply in Punjab's 
agriculture (See chapter 2, section 2.1). Since adequate employment 
opportunities have not grown outside agriculture to any significant 
extent and population growth rate has been high (about 2.3 % per 
annum)1, the supply side of labor could be thought of as in 
classical models2.
The most recent version of the classical view is put forward by, 
among others, Lewis (1958) and Ranis and Fei (1962 and 1969). It is 
mainly concerned with the transformation of a traditional agrarian 
economy into an advanced industrial one. The incentive of wage 
differentials between subsistence (agriculture) sector and modern 
(industrial) sector brings about a transfer of surplus labor from the 
former to the latter. For this purpose all the suitable conditions 
for the emergence of a modern capitalist sector are assumed. For 
example, capital, suitable technology, market, etc., are available for 
the newly developing capitalist sector. More than that, the process
1 Calculated from G.O.P. 1981-82 Statistical Annexures, 1982, p.2
2 For example in the Ricardian model the supply of labor is 
unlimited at a certain point of time. The amount of land is 
limited and varied in quality. Wages are given from a 'wage 
fund' in a manner that all willing and able to work are employed 
at an average wage determined by dividing 'wage fund' by number 
of laborers. If the wage rate is higher than subsistence level 
wage, it is postulated by Ricardo, people increase their supply 
of labor by increased population. On the other hand if wage rate 
falls down below the subsistence level, labor supply will be 
decreased (Booth and Sundrum 1982, p. 42-44).
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of capital formation is assumed to be continuous and thus the transfer 
of labor from subsistence to modern sector is also continuous. But if 
in some economies the modern sector fails to behave like that, all the 
expected changes come to an end.
But in developing countries of Asia, as K.N. Raj pointed out, 
due to rapid decline in mortality rates population growth has 
accelerated, causing an anticipated increase in the labor force till 
the end of the century. At the same time past trends do not suggest 
any major expansion in the urban sector to absorb the growing labor 
force. Therefore, it is generally believed that more and more 
employment opportunities must be generated in the agricultural sector 
(see also Lewis 1970, p. 550-51).
The problems of employment in rural areas of most Asian countries 
has caused the International Labor Office (ILO), following the ’World 
Employment Programme', to start the 'Asian Employment Programme' in 
1978. The programme aimed at determining possibilities of increasing 
employment in agriculture in individual countries by asking persons in 
those countries to investigate aspects of the issue. The second step 
was "to have these investigation reports scrutinize and discussed by 
others with different kinds of background and expertise, and then try 
to distil out of such pooled knowledge, experience and collective 
judgement, as many practical ideas and proposals as possible for 
incorporation in the development projects of the individual countries 
of the region" (K.N. Raj 1978 preface to Ishikawa 1978).
An increase in labor employment in agriculture seemed possible to 
Ishikawa (1967) who was asked to initiate the process of investigation 
for the employment programme. Labor use and productivity in 
agriculture in various countries of the region were found to be
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correlated (Ishikawa 1978, p. 1-5). Countries with higher labor 
input (like Japan) had higher productivity level than countries with 
lower inputs of labor (like India and Pakistan). The causality was 
questioned on various social, cultural and ecological grounds by 
researchers, for example, Bardhan (1978, p.1) and Vaidyanathan (1978, 
p. 34). Yet According to Ishikawa, the answer to rural unemployment 
problem should be sought in increased labor input into agriculture. 
Lewis (1970, p. 550-1) also seems to be of the same view at least 
till the urban sector starts absorbing all the surpluses from the 
rural sector.
Ishikawa tried to identify factors which affect labor input on 
farms. In doing this he also estimated labor input equations from 
Japanese and Taiwanese data. His aim was to be to get some knowledge 
about the effects of various factors on labor input so that they could 
be used as instruments to achieve the desired outcome of increased 
labor input in agriculture. The technique he used is simple and looks 
worth trying in Punjab’s situation. This technique uses a single 
equation model. He used the term ’labor input’ to mean the quantities 
of labor actually applied on farm per unit of land. In this study the 
term ’labor use' is being used to mean the same thing. The quantities 
of labor use are, however, neither supply nor demand, they are points 
of equilibrium as is discussed below.
Moreover, there will be one difference between the models used in 
this study and those used in Ishikawa. He used 'effective village 
wage rate’ as one of the explanatory variables. He found a negative 
sign with ;.its coefficient in Japan and positive in Taiwan. This 
variable is not used in this study due to reasons also mentioned in 
coming two sections.
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3.2 Why not Labor Demand Function?
The estimation of 'labor demand functions' might be proposed 
either through direct estimation of the demand function or, deriving 
indirectly from production function. However, in this study the use 
of 'labor demand function' is rejected on a number of grounds.
(1) The direct estimation of 'labor demand function' has problems 
with simultaneity and imputation of family labor cost. The data 
used for demand and supply analysis such as that collected in 
1981-82 gives only one market clearing value of quantity at one 
price. It is neither demand nor supply; it is the equilibrium 
between the two. In other words, the prices and quantities are 
the points of equilibrium, which are reached by the interaction 
of supply and demand. In this situation if a single equation 
model, using 'OLS' method of estimation, is estimated, the 
researcher cannot say with confidence whether it is a supply or 
demand function, because of the simultaneity involved (Rao and 
Miller 1977, p. 186-95) (This problem is taken up again in 
section 3.4 below).
But in a problem like the one in hand even if the system of 
simultaneous equations is attempted it can not be identified 
easily due to the problems of calculating a market clearing wage 
rate for family labor. In Punjab’s agriculture most of the labor 
used on farm is supplied by the family. The price of family 
labor is not easy to impute. The use of fan^Lly labor depends on 
a mixture of economic, social and institutional factors. In 
traditional agriculture the objective of a farming family is, as 
Sen (1966, p. 425-6) points out, to maximize its happiness. For
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this purpose, the decision for the supply of family labor is made 
on the basis of ’real cost of labor'. According to Sen (Ibid), 
the real cost of the family's labor is a ratio of disutility of 
additional work and the utility derived from the additional 
income due to that work. The equilibrium condition is where 
marginal product of labor equals its 'real cost'3. The real 
cost of family labor is, therefore, a subjective thing and 
depends on family's and individual's utility functions.
These utility functions are affected by more than simple economic 
considerations in Punjab's traditional agriculture. The real 
cost of working as paid labor on a neighbour's farm for family 
labor is very high due to the caste system and social status. 
It, therefore, stops farmers from working as paid agricultural 
labor if family labor is surplus on the farm. It means that the 
rural wage is not an appropriate tool to regulate family labor in 
rural areas.
The 'shadow wage rate' of labor is not easy to calculate 
accordingly. It has been used by some researchers (for example 
see Khan 1974). These estimates may be useful where wage labor 
is being used. But for family labor these estimates may be 
misleading because the estimation of such rates usually depends 
on either competitive market wage rates or wage rates used for 
hired labor under certain assumptions. By contrast, family labor 
on farm is never like hired labor. Farming for a family in 
traditional agriculture may be more a sort of * lifestyle than a
3 This concept of 'real cost of labor' corresponds roughly to 
'marginal valuation of labor’ in Fisk's model (1975, p. 68-73)-
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business.
Therefore, even if the price of family labor is imputed on some 
assumptions for one set of farms, it may not be applicable to 
others. Moreover, it is not necessary that both the supply and 
demand of family labor will depend on the same price. Hence the 
system of simultaneous equations is not present in this problem.
(2) The indirect estimation of ’labor demand functions’ through the 
production function has problems with estimation of labor and 
capital. Firstly, information on price of labor is not available 
mainly because most labor comes from family and cost of it seldom 
appears in tangible farm expenditures. Imputation of price of 
labor, as explained earlier, is difficult and chances of having a 
reliable figure are minimal.
Secondly, ’’aggregate production functions relate labor and 
capital inputs to a single output. Measurement of each of these 
presents some formidable problems" (Heathfield 1976, p. 34). 
Specially, the measurement problems associated with capital are 
very troublesome in the production function context. Some of 
these problems are:
(i) Working capital is usually ignored by most production 
function theorists. For example, consider a ’wage fund' as 
a stock of working capital. It is not.clear how it could 
be considered "as an input with its own 'marginal product' 
separate and distinct from that of the workers by whom it 
is consumed." (Upton 1979, p. 182).
Page 51
(ii) Durable capital because of its life exceeds the length of 
the partial process. In production processes, capital 
itself is not transformed into output. Its services are 
used. But to measure the services is not an easy task. 
For example, the service of tractor depends on its power 
and time used. But power may be affected by its age and 
maintenance. Thus "analyses which treat 'time* as an input 
would seem to be at fault in using only one dimension to 
measure these multidimensional capital inputs" (Upton 1979, 
p. 183).
(iii) In order to define marginal products it is necessary to 
vary the level of one input while keeping other constant. 
"But it is very doubtful whether the services of the 
combine harvester can be varied whilst holding the services 
of the driver constant" (Ibid).
(iv) Difference in the life of capital goods causes problems of 
pricing. In the market the price of longer life machine 
will be higher than one with a shorter life. Now hourly 
cost of the machine should be the same in "either case but 
the methods of costing used in empirical studies may result 
in discrepancies" (Yotopolous 1967, as mentioned in Upton 
1979, p. 183).
(v) The ultimate objective of a production function is to make 
predictions for which evaluation of capital services is 
essential. A capital asset, for example tractor, if owned 
is generally fixed in the sense that the value of its 
marginal product, if it could be measured, is less than its
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acquisition price but higher than its salvage value. 
Because of the long adjustment time the enterprise is not 
in equilibrium. In this situation "there are three 
different alternative values associated with the capital 
asset and it is not clear which of them is the appropriated 
one to use. The cost of acquisition having already been 
met, is a fixed cost which is scarcely relevant to current 
or future decisions; the salvage value may bear no 
relationship to the productivity of the asset in its 
current use and the capitalised value of its expected 
marginal value product is an endogenous variable; it is 
determined with the individual production process rather 
than outside it" (Ibid).
Therefore, in the proposed ’labor use functions’ these problems 
of capital measurement are not expected to cause such a severe 
effect on results as: (a) these functions are not being used at 
any stage for forecasting. The main purpose of this exercise is 
to establish empirical relationship between labor use and various 
supply and demand affecting factors for policy purposes; (b) to 
avoid problems of evaluation of capital service, especially 
tractor, the hiring price of it will be used as majority of 
sample farmers use tractor after hiring.
Thirdly, in addition to physical factors, there are some 
institutional factors also which can't be summarised into 
numerical form and they are also determinants of productivity. 
For example, different tenures may affect productivity levels.
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Institutional factors are included in functions with the help of 
dummies (intercept and/or slope). The coefficients of dummy 
variables are very tricky. Some time it may happen that the R2 
is high just due to dummies and other "independent variables have 
little explanatory power." (Kennedy 1979, p. 151). In the case 
of dummies usually the importance is of the significance and 
signs of the coefficients of dummies. The magnitude of dummy
variables is not as meaningful as the magnitude of other 
explanatory variables. For example, it is meaningless to 
estimate marginal quantities from dummy variables.
When dummies are used for different regions (or time 
periods,etc.) a single equation serves to replace separate 
equations estimated for different regions. But in this case one
should bear in mind that the error term is assumed to have the
same variance in each region (or time period, etc.). The
variance of the estimates obtained in this way is smaller
(Kennedy 1979, P- 152). In proposed 'labor use functions’,
therefore, the use of dummies will be done with care so that 
results are not biased by them.
Another reason for using 'labor use function' approach relates to 
the carrying capacity of the land which in Punjab is much higher than 
the one presently being used. Asian countries can learn a lot from 
Japan in this regard. Its labor input per unit of land is much higher 
as compared with other Asian countries (Table:3.1). In rice 
cultivation it was 255.6 man-days per hectare in 1950 for a yield of 
4.2 per hectare whereas Korea, Taiwan, Philippines and India all had
Page 54
lower yields sind used less labor. So one might expect a similar 
relationship between labor and yields in other crops.
How can the potential for increased labor use which seems to 
present in Asian agriculture, be achieved? One answer from Ishikawa 
(1978) is to gather information on various factors affecting farming 
and assess their impact on labor use. As for this purpose a 'labor 
demand function' can not be used either directly or indirectly through 
a production function a labor use function will be used.
3.3 Formulation of Labor Use Functions
Labor use will be calculated on a time rather than a value basis. 
In the use of family labor the difficulties discussed above prevent a 
cash valuation. But also for the permanent hired labor, who receives 
much of his payment in kind, such as grains, clothes, food, shelter 
and gifts on special occasions. Casual labor tends to receive cash 
payments but also receives usually food and drinks while working.
TABLE : 3.1
LABOR USE IN RICE CULTIVATION AND YIELDS IN SOME
ASIAN COUNTRIES
Country x
1 I
; t
! Year !
t 1
1 1
Yield
in tonnes of 
paddy / ha
! Labor
! Man-days/ 
! hectare
Japan - National
average 1950 4.249 255.6
Korea - South 1960 3.271 139.0
China - East ;
central 1921 - 25 2.559 145.8
Philippines 1966 - 75 2.2 - 3.5 60 - 105
India 1956 - 57 1.5 - 2.3 103.4 - 216.6
Source: Ishikawa 1978, p.2, Table 1.
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Such payments in kind are difficult to value objectively and so the 
'labor use functions' of this thesis will be calculated on a 'time' 
not a 'price' basis.
Such 'labor use' represents the point of equilibrium supply and 
demand. Therefore 'labor use functions' will include factors 
affecting (a) demand for labor; (b) supply of labor; and (c) demand 
and supply of both, i.e common factors. However in the Punjab 
situation supply factors are expected to be comparatively less 
important as supply of family labor is already there. There is a need 
to create work for them on their farm so that they could be pulled out 
of leisure (Laxrainarayan 1982, p. 44-5).
The general form of 'labor use function' proposed to be used is 
as follows:
L = f( DF, SF, CF )
Where:
L = Labor use per cultivated acre
DF = Demand factors such as use of fertilizers, use 
of tractors, use of bullocks, cropping pattern, 
etc.
SF = Supply factors such as size of farm, size of 
family, etc.
CF = Common factors for demand and supply, such as 
gross revenue, tenancy, time, etc.
By doing this the present study will be able to bypass the 
identification problems of supply and demand systems. It is expected 
that labor use, due to the presence of both . supply and demand 
affecting factors, will be able to explain the patterns of labor use 
in Punjab agriculture. However, a single equation estimation, if it 
is a simultaneous system, will introduce an estimation bias, which is
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Where:
ut = Error term in demand equation
vt = Error term in supply equation
and in deviations form:
Ydt = bPt + ut (3.6)
Yst = aPt + vt (3.7)
From equation (3.6) the value of ’b ’ can be estimated, which is:
As the value of 'P' depends on u because values of ’ Y* and ' P' 
are simultaneously determined by equation (3.6) and (3.7), the values 
of * P ’ can’t be treated as fixed in repeated experiments. The values 
of ’P' are no more stochastic. They may be expressed completely in 
terms of 'u' and ’v'. According to equilibrium condition equation 
(3.6) and (3.7) may be writen as:
(3.8)
bP + u = aP + v (3.9)
P = (u - v) / (a - b) (3.10)
When multiplied through by ’u ’ and summed:
(3.11)
and when squared and summed:
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P = ( £ u * * + 2 £ u v )  / (a - b) (3.12)
Substituting (3.11) and (3.12) in (3.8) the expression of bias 
becomes:
^  = b + ( a - b ) ( £ u 2' - ‘£ u v ) / ( £ u i' + £ v 1'- 2£uv )
This clearly indicates that bias in the value of 'b' does not 
fluctuate with the sample size. This bias, if present in a single 
equation model estimated by *OLS', can create two major problems: (a)
problem of identification; and (b) problem of estimation as OLS 
yields biased and inconsistent estimates. Therefore, in this case it 
is necessary to use other estimation methods (Koutsoyiannis 1977, p. 
332).
In case of 'labor use functions', as explained in section 3*3, 
this problem is not expected. However, the results of regression 
equations will be accepted only if they are consistent on a priori, 
statistical and econometric basis.
3-5 Mathematical form of Labor Use Functions
The choice of mathematical form is a problem which is faced by 
every researcher doing some statistical estimation. Options of 
functional forms to chose from are practically unlimited. Right 
functional form is important because with wrong form not only will the 
equation fail to explain the phenomenon at hand properly, but may 
create various econometric problems like heteroscedasticity (Parks 
1976, p. 16-7), and autocorrelation (Koutsoyiannis 1977, p. 204).
"Some objective assessment of the relative merits of alternative 
functional forms is possible in terms of (a) economic theory or a
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priori hypotheses derived therefrom and (b) statistical tests of 
goodness of fit” (Upton 1979, p. 187). Another criterion may also be 
added that one should choose a simple functional form if it has merits 
equal to any other more complicated form (Hu 1973, p. 62-63).
According to the first criterion a functional form should be 
judged on the basis of economic theory by looking at the signs, 
magnitudes and significance of various parameters of independent 
variables. They should follow the established theories and/or 
findings of related research. However, if they differ, they may be 
accepted only where there are solid logical grounds for doing so.
Once a function is selected on an a priori basis it should be 
tested statistically. For this purpose tests like R-2, *F * ratio 
and fT* value are used. A function with higher R-2, significant ' F ’ 
ratio and a greater number of significant *T' values is preferable.
The simplicity criterion means the relationship between dependent 
and independent variables should be simple and easily understandable. 
Also, the estimation method used should be simple.
In addition to these theoretical criteria there is one empirical 
criterion which may be helpful in deciding whether or not present 
functional form or the number of explanatory variables is correct. 
This criterion is based on the examination of residual patterns (Hu 
1973, p. 63-65). If the functional form is correct and the proper 
number of explanatory variables is added the pattern of residuals will 
have a random scatter. Otherwise, they will show some regular pattern 
which may be suggestive for change in functional form and/or the 
inclusion of one or more additional explanatory variables.
In the problem of labor use where the dependent variable shows
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the points of equilibrium between supply and demand, the function will 
be explaining practically the behaviour of these equilibrium points. 
Theoretically, it is hard to believe that the path of these 
equilibrium points will be a straight line. It means that the 
combined effect of all these variables affecting supply and demand is 
constant and they change in fixed proportions. But according to 
theory it is more logical to assume that this path may be a curve most 
probably increasing with diminishing rate and if so the possibility of 
linear as well as quadratic functional forms is rejected. It is 
assumed that the phenomenon will be explained better by log linear 
type of functional form. It is as follows:
L Ao X
baX ...2. 3
Cl 1. Di -f u~ e
Where:
L = Labor use per cultivated acre 
X-L = Explanatory variables 
DL = Dummy variables for shift factors 
Aa = Intercept
b; = Regression coefficients of independent variables 
CL - Regression coefficients of dummies variables 
u. = Error term
The estimating equation will be:
Log ( L ) = aQ + b^ £ Log ( X^ ) + c^ ^  )
■
Where:
Intercept
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b c = Coefficients for explanatory variables 
c't = Coefficients for dummy variables
Explanatory variables are selected on the basis of a priori 
knowledge as well as statistical criteria. Thus a variable considered 
to be a demand and/or supply factor will be included in the functions. 
The list of possible explanatory variables is given in section 3*8 
below. Their expected signs are also explained there.
It looks appropriate to give a brief note on dummy variables at 
this stage. Dummy variables in the above functional form are shown as 
shift factors. These factors are tenure, farm size cropping patterns, 
technological change, etc. Though they are hypothesised as only shift 
factors, in practice they may be responsible for change in slope also. 
For example, different cropping patterns may use different quantities 
of labor, and may also use different mixes of other inputs with labor; 
thus acting as intercept as well as slope shifter. Additionally, the 
use of tractor may decrease the use of labor but also can change the 
ratio of labor to other inputs. It may also change the mix of 
agriculture inputs other than labor which may affect labor use 
function at its intercept as well as slope. Thus on these grounds 
this study may not restrict itself to only shift dummies, but may also 
try slope dummies or may use these factors as independent variables if 
possible.
According to Koyman (1976, p. Ml) "indiscriminate addition of 
binary dummy variables does not in general contribute towards a 
meaningful study of the economic structure of a country .... and that 
one should rather examine all parameters concerned as to their 
constancy". Thus the use of dummies is made only when no other method 
is available to capture the effects of a certain important qualitative
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variable. The estimated equations are tested on a priori knowledge, 
statistical criteria and econometric criteria. If found satisfactory 
they are accepted for explanation.
3.6 Pooling of Time-series and Cross-sections
3.6.1 Pooling Cross-sections and Time Series
One of the data sets used in this study combines information of 
time-series and cross-sections. It has time-series of six years with 
a cross-section of 17 observations each year. In order to estimate 
’labor use functions’ from this pooled data a Generalised Least 
Square(GLS) procedure is used as described by Kmenta (1971, p. 
508-514). The model specification are cross-sectionally
heteroscedastic and time-wise autoregressive again as described by 
Kmenta (Ibid).
In some respect pooling is a useful technique to combat problems 
like raulticolinearity. According to Desai (1976, p. 90), ” the 
technique of pooling information is extremely useful when used in 
appropriate circumstances. When we have continuous cross-section or 
’panel' data4 available, i.e. a cross-section of the same economic 
unit over many years, we can put the technique to its best use. Not 
only does this help combat multicolinearity but it increases the 
efficiency of estimates". However, with the availability of fast 
computers and advanced estimation packages the problem of 
multicolinearity can also be handled even without pooled information.
But if a set of cross-sections is repeated over years, each year
4 The set of data related to 1966-72 being used in this study is 
'panel' information. See chapter 1, section 6 above.
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may represent a different regression line. In that case 
cross-sections could not be pooled together to get one regression line 
as they will represent different lines each year. In order to check 
that the cross-sections in the pooled set of data remained on the same 
regression line 'F* test will be applied. This test is explained in 
section 3.6.3 below. If different years are found on the same 
regression line on the basis of this test they will be pooled together 
and one regression line will be fitted to them. Otherwise they will 
be kept separate.
3.6.2 Pooling Different Farm Categories
Sample farms in pooled information are divided into 'crop zones’, 
and 'tenures'; and cross-sectional information into 'crop zones', 
'tenures' and 'farm size categories. As in case of pooling 
cross-sections and time series, pooling different farm categories may 
also create the same sort of problems as they may not be homogeneous 
enough to be fitted into one regression line. Therefore, farm 
categories will also be tested for suitability for pooling before 
deciding about the number of 'labor use functions' to be estimated 
from each set of data. The test to be applied in this case will also 
be the same, i.e. 'F' test explained in section 2.6.3 below. 
Obviously, if farm categories are found homogeneous only one 
regression line will be fitted to all of them. Otherwise, they will 
be treated as different from each other.
3.6.3 Test for Pooling
If two or more time periods or two farm categories are on the 
same function (line), two equations estimated separately from both the 
groups and one equation from the pooled data should be the same. 
According to Rao and Miller (1971, p. 150), "whether the researcher
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various pairs of farm categories:
( (RSS^ j - (RSS,+RSSZ))/K)
F = -----------------------
((RSS, + RSS^) /(rij +nz-2K))
Where ’ RSS^' is regression sum of squares for pooled sample, and
’RSS,' and ' RSSr' for farm category 1 and 2 respectively; ’K' is
number of b's in regression plus one and ' n’ is sample size. This
formula can be extended easily for ' N' number of farm categories or 
years, and ' M ’ number of explanatory variables.
If 'F’ ratio is significant at 1 or 5 per cent probability level
’H ’ will be rejected. In this case the farm categories will be
treated as different from each other. Otherwise, the farm categories 
will be pooled together as insignificant ’ F ’ ratio means that both the 
regression lines under test represent the same line. Thus after 
applying this test on all the pairs of different farm categories in 
various farm category groups, pooling will be done for those 
categories having insignificant ’ F* ratios. Those having significant 
’F ’ ratios will be kept separate.
Details of 'Ff test and values of *F* ratios for different pairs 
of farm categories are given in appendix V.
3*7 Categories of Labor
Farm labor can be divided into 3 components; family labor (FL), 
casual labor (CL) and permanant hired labor (PHL). Therefore, total 
labor (TL) can be defined as:
TL = FL + CL + PHL
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’Family labor’ is the portion of labor supplied by the members of 
the farming family. They work on farm and do not receive a wage.
Instead, they share the family's income from farming. Family labor is 
mainly supplied by male adults. Only a very small fraction of total 
labor on farm comes from women and children.
'Casual labor' is a portion of labor hired for seasonal jobs. 
These jobs need some sort of specialisation. Therefore, casual labor 
is mostly hired for specific jobs. A special characteristic of the 
time when they are hired is that the demand for casual labor is 
generally at a peak. Due to that they may earn a higher wage than in 
the other months of the year. The wage they receive may be in kind as 
a proportion of crop (for example they are hired for harvesting) 
and/or may be in cash.
Permanent hired labor is a proportion of labor hired on a 
permanent basis. They are contracted on yearly or half yearly terms. 
They live with the employer family almost like a family member. So in 
addition to agreed wage they also receive food, clothes and shelter 
from the employer. The mode of payment to them is partly cash and 
partly kind.
Labor is measured in standard 8 hours 'mandays' in both pooled 
and cross-sectional sets of data. For converting woman and children 
labor Atwater's scaled of adult male units is used. However, for 
cross-sectional data, since ages and sex of the children providing 
labor were not available, 0.6, the average of all the children under 
16 in Atwater's scale was used. This averaging procedure should not 
affect the true picture of total labor use as child labor is a very
small fraction of total as well as family labor.
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3.8 Explanatory Variables and their Expected Signs 
3.8.1 Gross Revenue
Gross revenue (GR) represents productivity per acre. It may also 
be taken as a proxy for farmer’s income. A study in Indian context 
(Vaidyanathan 1978, p. 52) established that ’GR* affects labor use 
positively. Almost the same results were found by Ishikawa (1978, p. 
40-49) using farm level data from Japan and Taiwan. Therefore, the 
expected sign of the coefficient of ’GR’ is positive.
Gross revenue is considered to be mainly a supply factor because 
when it increases it is expected that the family will decide to retain 
more and more of its members on farm to share the prosperity. Also 
they are expected to put more effort into maintaining a higher level 
of living once attained.
However it may also act as a demand shifting agent. If gross 
revenue is considered as a proxy for farmer’s income, farmers with 
higher gross revenue may afford more hired labor. Thus hired labor 
may increase with higher gross revenue. But if at a very high level 
of gross revenue a farmer decides to choose leisure instead of working 
harder, gross revenue may also act as supply depressing agent.
6 Atwater’s scale of adult male units given in 
Qazi and Mohammad (1972), are as below:
Age Adult Male Unit
Male Female
Above-16 1.0 0.8
15-16 0.9 0.8
13-14 0.8 0.7
12 0.7 0.6
10-11 0.6 0.6
6- 9 0.5 0.5
2 5 0.4 0.4
Under 2 0.3 0.3
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Gross revenue is calculated by aggregating the values of all the 
crop outputs and their byproducts. Income from animals such as from 
milk, farm yard manure, etc., and income from other sources like 
business, laboring out side the farm, hiring out tractor hours, 
selling tubewell water, service, etc., are also included.
3.8.2 Chemical Fertilizers, Seeds and Tubewells
Chemical fertilizers (FERT), seeds and tubewell irrigation may be 
defined as ’technologies’. They come under demand factors. New seeds 
(HYV’s) may require more labor input for harvesting and threshing (for 
wheat and rice, etc.) as their yields are higher. Moreover, with 
HYV’s, chemical fertilizers can be applied in doses up to three times 
those for traditional seeds before yield increases level off (FAO 
1969, p. 14; Shaw 1970, p. 12 mentioned in Bartsch 1977, p. 6). 
More irrigation water supply may help in increasing cropping 
intensity. Therefore, expected signs of HYV seeds and irrigation 
water are positive (Bartsch 1977, p. 12). As regards the sign of 
chemical fertilizer it depends on the situation whether or not it 
replaces application of farm yard manure. If there was no use of farm 
yard manure before the application of chemical fertilizers then the 
expected sign is positive. But if the application of fertilizers 
replaces the use of manure then the expected sign is negative because 
the manure application is much a more labor intensive operation as 
compared with fertilizer application. However, if yield increases due 
to fertilizer are much higher than with manure they could offset the 
above mentioned difference and the sign may be positive.
Chemical fertilizers and seeds are used in their value terms per 
cultivated acre. In order to see the effects of irrigation water and 
tractors, separate linear equations are estimated using dummies for
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various combinations of irrigation and tractor use with bullock (see 
section 5.4).
3.8.3 Use of Tractor
Tractor comes under our definition of ’technique’. According to 
various values of labor use by tractor and nontractor farms in chapter 
2 (section 4) tractor decreases the use of labor. Therefore, the 
expected sign of this variable in ’labor use functions’ for total 
labor and family labor is negative. In case of casual labor a 
positive sign is expected and that of permanent hired labor is not 
clear. Permanent labor on tractor farms may increase if they decide 
to operate with less family labor. But it may also decrease if a 
farmer uses s tractor to replace permanent labor as Mclnerney and 
Donaldson (1975), observed in Pakistan.
In Punjab agriculture tractor hiring is very common. Therefore, 
it was not correct to use tractor costs as an explanatory variable. 
Here number of tractor days (TD) actually used on a farm, no matter 
whether they are supplied using own tractor or hired, are used as a 
proxy for tractorization.
3.8.4 Implements and Bullock Labor
Implements (IMP) come under farm capital (K) and bullock labor 
(BL) under technique. They come under demand shifting factors. More 
implements and more bullock labor days demand more human hands and 
more man-days respectively. However, implements may also be 
considered as supply shifting factors as more implements may enable 
more hands to be engaged, therefore more family members may be put to 
work. The more the number of tools available, the more people may be
engaged.
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With bullocks, the need of human labor is from two sides; first, 
for their upkeep which includes production of fodder, feeding and 
looking after and second, for field operations like ploughing, 
transporting, etc. for both these variables the expected sign is 
positive (Ishikawa 1978, p. 40). The variable IMP is taken as a flow 
of costs incurred on all the implements. The bullock labor is used in 
days per year in pooled data and hours per year in cross-sectional 
data.
3.8.5 Farm Size
Cultivated area (CA) is used in the model as a proxy for farm 
size. Farm size comes under supply shifting factors. The expected 
sign of its coefficient is negative, because of diminishing returns to 
scale (Bardhan 1978,p. 4). In addition to this, there are some
institutional reasons for this negative relationship, which are widely 
discussed in economic literature on farm size and productivity^. 
Smaller farms largely depend on family labor and the imputed cost of 
labor for them is less than that for larger farms hiring labor at 
market wage rate. Family labor is not much market oriented largely 
due to various social and economic constraints on them to offer 
themselves for wage labor. "As a result, labor intensity per acre is 
higher on smaller farms or in farms with larger number of family 
members per acre, other things remaining the same" (Bardhan 1978, p. 
4).
7 See for example Sen, A. K., 1962; Mazumdar, 1965; 
Bardhan, P. K., 1973; and Rudhra and Sen, 1980.
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3.8.6 Different Tenures
Farms under different tenures may show different attitudes 
towards using quantities of inputs and their mixes because of 
different constraints faced by them. They come under institutional 
factors which usually affect supply of labor. Owners may use higher 
levels of inputs including labor as compared with tenants because 
tenants get less marginal product for their inputs due to payment of 
rent to landlord from output (Mahmood and Haque 1981, p. 154). Yet 
in case of family labor they may supply labor relatively more than 
owners. Owner cum Tenants are somewhere between owners and tenants 
depending on whether ownership or tenancy is dominating. In order to 
capture the difference, if any, between tenures in using labor, if 
required, binary dummies will be used.
3.8.7 Different Cropping Patterns
Different districts because of their unique climatic natural 
resource endowments and suitability for different crop are expected to 
show variation in labor use. Such differences are supposed to be 
labor demand shifting factors.
To see this aspect of the data again binary dummies, if required, 
will be used. Or separate functions will be estimated for each zone.
3.8.8 Time as Trend
Time variable is used only in pooled set of data to guess the 
effects of change in agriculture on labor use over time. Time is a 
common factor. Due to technological change demand may shift with 
time. But, due to changes in family size and income levels of 
farmers, etc., supply may also shift. The changes in agriculture were 
more on technological front than on technique. Therefore, expected
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sign of time parameter is positive.
3.8.9 Education
It is a usual trend in Punjab that educated males prefer to work 
in cities and towns. Even graduates trained in agriculture do not 
stay on farm. Dasgupta (1977, p. 157) in a study of Indian ’village 
society and labor use* also found ’’that villages with a low record of 
participation are usually educationally advanced....”. On this basis 
the expected sign of male education with family labor is negative. 
But, with other types of labor, is not clear. It may be positive if a 
male working outside agriculture sends money to expand agriculture on 
a modern basis with hired labor, or it may be negative if the family 
stays on farm just for hobby or as a secondary part time business. 
This factor may also be considered as common to labor supply and in 
some cases it may shift labor demand and in some other supply, 
depending on the expected standard of living attainable from farming, 
level of education and general employment opportunities in the 
economy. Education is entered in labor use functions in the form of 
’percentage of educated males’ in the family.
3.8.10 Family Size
Family size is one of the major supply factors. It is expected 
that if family size is large it will put more family labor in 
agriculture. Consequently it will act against casual labor and 
permanant hired labor. Family size is entered in the labor use 
functions in the form of adult male units per cultivated acre.
Before closing the discussion of explanatory variables it may be 
mentioned that all the value variable in pooled data are use at 
constant prices using 1966-67 as a base, the first year of the pooled
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data.
3.9 Review of Related Econometric Studies
In this section some of the related studies are reviewed in order 
to see what type of econometric models they used and what were their 
results.
Mckay and Vlaskin (1982) conducted a study on ' Production 
Flexibility and Technical Change in Australia's Wheat Sheep Zone'. 
They specified translog production function with three outputs, i.e. 
sheep, crop and cattle; two variable inputs, i.e. labor and 
material; three fixed inputs, i.e. livestock capital and land; and 
time to capture technological change effects. They derived profit 
share functions. For estimation of profit share functions they used 
25 years data from the wheat sheep zone of Australia. All own price 
coefficients were significantly different from zero at 99 per cent 
confidence level. For supply functions (profit share functions for 
outputs) they were positive and for demand functions (profit share 
functions for inputs) they were negative. The elasticities derived 
from these coefficients were also significantly different from zero, 
they found that the demand for other inputs was more elastic whereas 
in case of labor the elasticity of demand was very close to unity. It 
means that any increase in the price of labor was responded with 
similar cut on labor use so that the expenditures on labor were almost 
the same.
Output prices and land showed positive and generally significant 
relationship with labor, whereas material and‘services and capital 
coefficients were negative. Since land, and material and services 
coefficients were derived on the basis of symmetry conditions, t
values for them were not available.
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Parikh (1982) studied 150 farms from Muzaffarnagar district of 
India. According to his study captioned "Some Aspects of Employments 
in Indian Agriculture", farms in the district are largely 
non-mechanized. He specified a translog production function from 
which he derived cost share functions for labor. His broad conclusion 
was that the structural differences between irrigated and unirrigated 
areas, between tractor and bullock farms, and between cropping 
patterns play a significant role in determining employment in Indian 
agriculture. Other conclusions are (i) irrigation increases 
employment per acre, (ii) size of holding has significant negative 
relationship with employment per acre, (iii) there is marked 
difference in employment per acre between bullock and tractor farms, 
(iv) the cropping pattern plays a significant role in differences in 
employment per acre, (v) all other sources of labor than family are 
substitutes of family labor on small farms, and (vi) hired labor and 
major implements, and animal labor and implements are complements.
Khan and Ashiq (1981) conducted a study entitled "Impact of New 
Farm Technologies on Farm Productivity with Special Reference to Wheat 
and Rice Crops - An Econometric Analysis", in two districts 
(Gujranwala and Sahiwal) of Pakistan Punjab. They estimated 
Cobb-Douglas functional form for production relationships. But for 
inputs use level they estimated linear functions using dummies. Three 
functions of this sort, one each for labor (used on ploughing), water 
and fertilizer, were estimated. Explanatory variables were size of 
farm in acres, dummy for agricultural zones, and technologies. They 
divided sample farms into three types of technologies; (1) bullocks 
and tubewell farms, (2) tractor and tubewell farms, and (3) bullock 
farms. They found that the coefficients for zone and technologies 
were significant. Sign for zone was negative which indicates that
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labor use per acre in one district on sample farms is significantly 
different from the other. Moreover, labor use was significantly lower 
on bullock-tubewell farms as compared with bullock farms, whereas it 
was significantly higher on tractor- tubewell farms.
Bardhan (1978) studied 3 districts of India, namely Godavari, 
Tajore and Hoogli. The title of his work is "On Labor Absorption in 
south Asia Rice Agriculture, with Particular Reference to India". He 
derived his labor demand functions from wage and marginal productivity 
functions of labor. The paper postulates positive effects of 
yield-increasing or land improvement factors, such as irrigation, 
fertilization, improved varieties of seeds and double cropping. The 
relationship between tenancy, farm size and village wage rate was 
supposed to be negative.
Dr. Bardhan used linear and in some cases log linear forms of 
function. He found positive signs with irrigation, fertilization, 
number of fragments of farm holdings, new seeds,etc., which were as 
postulated. The wage rate showed negative sign. For the proxy of 
bargaining power of labor the distance from nearest railway station 
was used. It showed negative sign as was expected. The sign of net 
sown area coefficient was negative in Hoogli and positive in other two 
districts.
Vaidyanathan (1978) study relates to "Labor Use in Indian 
Agriculture: An Analysis Based on Farm Management Survey Data". He 
included 16 districts in his analysis and grouped them into 6 
categories. He postulated that output per .hectare depends on 
physical-biological factors. He estimated his output per hectare 
function for all districts first using only per cent of area 
irrigated, total rainfall, spread of rainfall and plant nutrient per
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hectare. He used linear functions and was able to explain 62 to 94 
per cent variation in output per hectare in various groups of 
districts except Sambalpur where the explained variation was only 26 
per cent. Once the productivity is determined, according to his 
postulates, it can be used to estimate the intensity of human labor 
use for crop production. Besides the level of productivity per unit 
of area, he used energy sources other than human labor, and relative 
costs and efficiencies of different energy sources as explanatory 
variables in labor demand functions which were again linear. On labor 
issues the study could not get matching results according to the 
postulates when comparing intra and inter district cross-sections. 
However, in general the results confirm the hypothesis put forward in 
the beginning for productivity and human labor intensity.
Ishikawa (1978) conducted an inter country study entitled "Labor 
Absorption in Agriculture-An Issue Paper". It was in fact a survey of 
literature regarding labor use in Asian agriculture, and attempted to 
raise issues to be studied in future. This paper acted as a prelude 
to a research and action program to increase employment opportunities 
in Asian agriculture launched by ILO in 1978. Besides discussing 
variations in quantities of labor use per unit of land in various 
countries of Asia and raising very important issues regarding labor 
absorption in agriculture, he also estimated labor use functions from 
Japan and Taiwan data. He used Cobb-Douglas type of functional form 
and used cultivated area, value of farm machinery and implements, 
value of animal stock, value of fertilizer, gross revenue, per capita 
family expenditure and effective agriculture wage rate as explanatory 
variables to explain variation in use of total labor on farm and labor 
use per unit of land. He got positive and significant coefficients 
for land, machinery and implements, and gross revenue. The
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coefficient of per capita family expenditures was negative and 
significant. All other coefficients in the total labor equation 
except constant term were insignificant. In case of labor use per 
unit of land the coefficient for ’stock of animals’ was also 
significant with positive sign. But in case of Taiwan only the 
coefficients for income were significant.
In summary the labor use on the farm is generally found to be 
positively correlated with seed-fertilizer technologies. Wage rate 
and farm size are negatively correlated with labor use. Parikh (1982) 
also found marked difference in labor use between bullock and tractor 
farms. When literature on labor use is examined very few are found to 
be analysing farm labor according to labor categories. Most analyses 
are done for total labor, some only for hired labor.
CHAPTER 4
ANALYSIS OF 'LABOR USE FUNCTIONS' FOR 1966-72
4.1 Introduction
As explained in chapter 3 (section 3.6.3) before pooling data 
across zones, tenures or over time, these were subjected to 
statistical tests. On the basis of an 'F' test all the 3 cropping 
zones and both the tenures do not seem to be deviating from the same 
functional line (see section 3*6.3 above and appendix IV). Therefore 
in this chapter no separate 'labor use function' for any of the farm 
categories is estimated. Instead, one aggregate equation is estimated 
to represent all of them.
Permanant hired labor (PHL) is reported by owners in cotton zone 
only. Therefore, when the labor use function for permanant hired 
labor (PHL) is estimated all the estimated coefficients turn out to be 
statistically insignificant (Table:4.1), probably because the majority 
of observations has zero value for 'PHL' and inherent errors in a 
small sample. In order to solve this problem 'labor use function' for 
PHL is estimated by using only owners in cotton zone. However, all 
the other functions in this chapter use the 102 observations for the 
period 1966-72.
4.2 Effect of Cultivated Area on Labor Use
The estimated 'Labor use equations' are given in Table:4.2. 
Cultivated area (CA) shows negative and signifidant correlation with 
family labor (FL) and total labor (TL). For casual labor (CL) and 
permanant hired labor (PHL) the coefficient of this variable is 
positive, but significant only in case of the latter. The signs of
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the coefficients clearly confirm Sen’s (1962) findings. Though the 
correlation between ’CA' and hired labor is positive yet the overall 
relation remains negative which leaves ’TL’ negatively correlated with 
’CA' .
TABLE 4.1
REGRESSION RESULTS OF ’LABOR USE FUNCTIONS' 
(For Permanant Hired Labor)
(Pooled Data, Period 1966-72)
J
1
Log of !
i _ _ _
Dependent variable is Log of
Independent !
I
Variables !
i
t
Permanant hired labor 
(Using all observations)
Cultivated Area 0.002
Gross Revenue 0.0004
Value of Fertilizer 0.00005
Value of Implements -0.0001
Bullock Days 0.0005
Time Trend -0.0002
Family Adult Male units -0.001
Constant -0.006
R-2 0.88
D.F. 84
F Ratio 114.42
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of coefficients is tested in this 
table by using Student's 'T' test.
2. All the independent and dependent variables except 
'time' are taken in this table on per cultivated 
acre basis.
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Positive coefficient of 'CA' in 'CL1 and 'PHL' equations 
indicates that the use of 'CL* and ’PHL’ increases as farm size 
increases. In this sense they may be considered as substitute for 
'FL'.
Size of farm, therefore, looks to be very important in deciding 
the level of labor use. Tractor owners are increasing their farm
TABLE 4.2
REGRESSION RESULTS OF 'LABOR USE FUNCTIONS’ 
( All farms )
(Pooled Data, Period 1966-72)
Log of 
Independent 
Variables
I
i
i
i
i
i
t
i
»
Dependent variable is Log of
Total
labor
Family
labor
I
Casual !
j
labor !
j
P. Hired 
labor
Cultivated Area -0.354** -0.782** 0.062 3.332**
Gross Revenue 0.376** 0.078 1.259** 0.784
Value of Fertilizer -0.087** -0.064** -0.184** -0.402
Value of Implements 0.037** 0.014 0.027 -0.013
Bullock Days 0.022 0.031 -0.053 -0.621**
Time Trend 0.115** 0.181** 0.079* -1.032**
Family Adult Male units 0.007 0.289** -0.471** -0.488**
Constant 2.440 4.468** -4.180** -8.922**
R-2 0.67 0.68 0.52 0.95
D.F. 94 94 94 10
F Ratio 30.17 32.19 16.68 47.78
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of coefficients is tested in this 
table by using Student's 'T' test.
2. All the independent and dependent variables except 
'time' are taken in this table on per cultivated 
acre basis.
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sizes by displacing tenants (see section 1.4.2 above). In 1981-82 
tractor users are found to have larger sizes of farms than nonusers 
(see Table 2.8 above). Also they are increasing the use of ’CL' and 
decreasing permanant labor (Mclnerney and Donaldson 1975). Since a 
major part of permanant labor comes from the family, it means they are 
displacing family labor. Thus tractors seem to be threatening 
employment from two sides. But this is without any gain in output. 
Table:4.3 shows gross revenue for tractor users and nonusers. Only in 
tubewell irrigation, which is not a common case, does the use of 
tractor increase gross revenue significantly over its nonuse level. 
On the other hand small farms show significantly higher gross revenue 
than the large as well as medium farms (Table:4.4), (see footnote 1 
below). It therefore, indicates that in order to provide employment 
to rural population in the province, ’farm size’ can be a major policy 
variable which could be used directly or indirectly as an instrument 
to increase employment.
4.3 Effect of Gross Revenue on Labor Use
As explained in section 3*8, gross revenue (GR) includes income 
from the crop sector as well as from livestock and other sources like 
business, service, etc. Since livestock is not being used in 'labor 
use functions' as one of the independent variables, ’GR' will include 
its effect on labor use. The coefficient of ’GR' shows the effect of 
aggregate earnings of farm household from all the sources.
Gross revenue shows positive correlation with all types of labor 
use as could be expected The coefficients are significant in the 
functions for 'TL’ and ’CL’ and their signs indicate that 'GR' is very 
important. However, for 'FL' and 'PHL' they are insignificant.
Nevertheless, the positive sign with these coefficients shows that an
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increase in *GR' may cause the use of ’FL’ and 'PHL’ to go up.
The insignificant coefficients of ’GR' with ’FL' and 'PHL' may be
due to limited use of these two labor categories. When there is
general unemplyment in agriculture underutilization of family labor 
can easily be imagined. Underutilization of ’PHL' may exist due to
some sort of ’ lumpiness’ involved with this type of hired labor. For
TABLE 4.3
GROSS REVENUE ON ’TRACTOR* AND ’NONTRACTOR’ FARMS
( 1981-82 )
Farm Categories Gross Revenue/CA 
(PK Rs*.)
All Farms 1023 
Canal Irrigated Farms 893 
Canal Irrigated with Tractor 805 
Tubewell Irrigated Farms 1462 
Tubewell Irrigated with Tractor 1731 
Canal plus Tubewell Irrigated Farms 1024 
Canal plus Tubewell Farms with Tractor 1029
* Pakistani Rupees.
TABLE 4.4
GROSS REVENUE ON DIFFERENT FARM SIZES 
( 1981-82 )
F a r m  S i z e s
!
!
Gross Revenue/CA 
(PK Rs*.)
All Farms 1023 
Small Farms , 1235 
Medium Farms 1033 
Large farms 835
* Pakistani Rupees.
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example, a permanant worker can not be hired in fraction or for a part 
of a season. Whenever 'PHL' is hired it must be hired in the units of 
a full worker and mostly for a crop season or for a year. Now if the 
need is for less than a full worker or less than a crop season, then 
it will be underutilized for the remainder. Thus in this situation if 
increased yields, etc., put more demand on 'FL' and/or on ’PHL’ it may 
be met by making fuller use of existing labor force on farm or with 
minor increase.
The significant and positive coefficient of 'GR' in the ’labor 
use function' for 'CL' can be explained in terms of its increased need 
for harvesting, etc.
4.4 Effect of Chemical Fertilizers on Labor Use
Chemical fertilizers show negative correlation with the use of 
all types of labor. The estimated coefficients are significant except 
in the function for 'PHL' (Table:4.2). Ishikawa's (1978, p. 41) 
statistical estimates also had the same signs with the value of 
implements and fertilizers using Japan's data related to 1922-40 
period. The negative sign of fertilizer parameters in the 'labor use 
functions' may be partly explained in terms of its power to replace 
farmyard manure (FYM). The replacement of FYM by fertilizers can 
occur due to 3 main reasons as explained below:
(1) Now almost all the farms are using tractors, as a result the use 
of bullock power has reduced to almost one third during 1966-82 
(Appendix III, Table A3.4A). The. 1981-82 data 
(cross-sectional)1 shows high negative correlation between 
tractor days and bullock days. Thus, the use of tractor is 
reducing the need to keep bullocks. Consequently, less less
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’FYM', is produced and it in turn decreases uses of ’FYM'.
(2) Binswanger (1978; p52 and 74) reports results of Mclnerney and
Donaldson (1975) study that in Pakistan 45 to 55 hp class 
tractors were introduced at substantial subsidies to the farmers 
in late 60’s which raised private returns substantially above 
social ones. It gave impetus to tractor use on farms. On the 
other hand no such subsidy is ever given for raising bullocks.
(3) Testing of improved and imported varieties of various new seed of 
crops in Pakistan was and is done with the doses of chemical 
fertilizers. Thus any variety which is released for farmers by 
research stations is developed in such a way that it takes more 
and more fertilizer to reach to its potential yield. In 
extension service advice the use of ’FYM’ is seldom stressed. 
Thus, making ’FYM’ application more and more unpopular.
4.5 Effect of Implements on Labor Use
Implements here means small instruments like wooden ploughs, 
spades, sickles, etc., which facilitate farming operations. The 
estimated coefficients of this variable are positive in all the types 
of labor but 'PHL', where it is negative. However, the coefficient is 
significant in the function for ’ TL* only (Table:4.2). It can, 
therefore, be concluded that implements probably affect labor use
1 This argument is based on the findings of cross-sectional data, 
although the results which are being discussed in this section are 
for pooled data. It is done because pooled data do not have such 
information. It is assumed that even if the use of tractor was in 
its infancy during the period covered by pooled data, yet the 
effects should be of the same nature. The difference, as one may 
expect, may be of scale not of nature.
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positively. But it is not clear which type of labor (out of 'FL' and 
'CL') will increase when implements increase. Since both ’FL* and 
’CL' have positive coefficients any one or both may increase/decrease 
as implements increase/decrease. The case of 'PHL' is different, the 
coefficient with it is negative.
4.6 Effect of Bullock Labor on Labor Use
Bullock labor is complementary to human labor on the farm, 
especially in ploughing and transportation. Thus more use of bullock 
labor days (BLD) will need more human labor days. But the amount of 
labor spent on ploughing or transportation may or may not be very big 
compared to labor absorbed by all other farm operations. Thus the 
importance of this variable in the 'labor use functions' depends on 
the relative importance of these operations in aggregate labor input.
The estimated coefficients of 'BLD' are insignificant in all the 
'labor use functions' except for 'PHL'. The coefficients with 'TL' 
and 'FL' are positive and those with 'CL' and 'PHL' are negative. The 
signs, therefore, are as expected because ploughing is mostly done by 
'FL' and 'TL' is mostly made up of 'FL'.
The negative sign of the estimated coefficient with 'CL' is 
easily understandable in the light of above. In Punjab's agriculture 
'CL' is very rarely put behind the plough. However, the negative and 
significant coefficient with 'PHL' is puzzling. Generally it is 
expected that 'PHL' is a substitute for 'FL' in ploughing. The sign 
of the coefficient may be suggestive of the trend which is clear in 
1981-82 despite the considerable decrease in 'BLD*- the use of 'PHL' 
increased in the sense that now almost all the farm categories are 
using it. It may be due, as observed by BardhanC1978) in the Indian 
context, to more timeliness required in various farm operations in the
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new farm technologies.
4.7 Time Trend
The time trend shows positive and significant correlation with 
'TL', 'FLf and 'CL' as could be expected. Since both the sets of data 
do not have information on labor use by varieties of seed, it is not 
possible to see the effects of new seeds on labor use. However, as 
explained in section 1.2 (Chapter 1) above, the time covered by pooled 
data is mainly characterised by varietal change than the change in 
technique, i.e. the change in the mode of farm power. Therefore, 
time is used as a proxy for the effects of varietal change on labor
use. Also the time approximates the effects of other changes in
agriculture which farmers adopted in order to modernize their
agricultural business. The positive sign of this coefficient with
'TL' and ' FL' shows that changes in technologies during this period 
affected labor use positively. Not only during this period, the 
process continued even after that. It can be seen by looking on 
Table:2.3. Labor use during 1966-82 has increased considerably.
The sign of the time parameter with respect to ' PHL' is negative 
and significant (Table:4.2). Increased productivity due to the 
seed-fertilizer revolution might have caused this.
Relative and absolute share of ’CL' decreased and that of ’PHL' 
increased in 1981-82 as compared with 1966-72 period (Table:2.2). 
When compared with the sign of the time trend in the ' labor use 
functions' for 'CL' and 'PHL' in the period 1966-72 both look 
contradictory. This contradiction can be resolved if it is assumed 
that the reaction shown to newly introduced technologies by farmers 
during 1966-72 was an adjustment period. Therefore, when farmers 
adopted new technologies in initial years they might have been doing
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so as a trial, and thus meeting increased needs of labor from family 
sources and, in order to minimize risks, hiring ’CL' only when 
necessary. But by 1981-82 a new equilibrium should have been reached 
in farm business. Thus they changed their attitude and started using 
more 'PHL' as new technologies needed more timeliness (Bardhan 1978). 
The use of ’CL’ therefore went down.
4.8 Effect of Family Size on Labor Use
The estimated coefficients of ’family size' are positive with the 
function for *TL’ and ’FL’, negative with ’CL’ and ’PHL’ as could be 
expected. If more family members are available less hired (casual as 
well as permanant) labor will be required. The estimated coefficient 
in the function for 'FL* and ’CL’ are significant. Thus the larger 
the family size the more ’FL’ will be used and less ’CL’ will be 
required. Here ’FL’ seems to be a substitute for 'CL'. This fact is 
obvious from Table:2.4 above. Again the reason for this substitution 
may be due to increased profitability in agriculture.
4.9 Summary
Main findings of this chapter may be summarized as follows:
(1) Cultivated area per farm is negatively and significantly 
correlated with ’TL’ and ’FL'. However the coefficients of ’CA’ 
are positive and insignificant with ’CL’ and ’PHL’. Therefore, 
farm size is very crucial in labor absorption in agriculture 
because the family provides most of the farm labor.
(2) Gross revenue is important in the use of ’TL' and ’CL’. The
coefficients are positive in all the ’labor use functions'.
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(3) The coefficients of chemical fertilizers and labor use are 
negative and significant in 'TL', 'FL' and ’CL'. In 'PHL' it is 
positive but insignificant. Thus fertilizers alone seems to be 
labor displacing at the margin
(4) Implements are not an important factor in deciding the levels of 
labor use in agriculture.
(5) Time tend as could be expected is positive and significant in 
'TL', fFL’ and ’CL’ but negative and significant in ’PHL’.
(6) Family size is not important in ’TL’ use. However, its 
coefficient is positive and significant in ’FL’ and negative and 
significant in ’CL’ and ’PHL', as could be expected.
CHAPTER 5
ANALYSIS OF 'LABOR USE FUNCTIONS':
CROSS-SECTIONAL DATA 
1981-82
5.1 Introduction
As per discussion in Chapter 3 (section 3*6.3) before pooling 
cross sectional data across crop regions and tenure types some 
statistical tests need to be carried out. 'Labor use functions' for 
different crop zones, farm sizes and tenures are tested for merging 
(pooling) by 'F' test. It is found that farm categories have 
different underlying structures for 'TL', 'FL' and 'CL'. However, 
these groups have similar underlying structure for 'PHL' except in 
case of tenures and permanent hired labor. This testing is done on 
the basis of total sample. Each time the full sample is divided into 
farm categories.
Estimated 'F' ratios for crop zones and labor types turn out to 
be statistically significant. Therefore, these farm categories for 
'TL', 'FL' and 'CL' should be kept separate. For 'PHL' due estimated 
'F' ratios being insignificant all the farm categories can be merged 
except tenure types. Thus the separate 'labor use functions' are 
estimated for 'TL', 'FL' and 'CL' for each farm size category in each 
crop zone. Since farm tenures do not have adequate sample size for 
each size and zone, no separate function is estimated for them. They 
are covered by using binary dummies in the 'labor use functions' for 
the farm sizes in each zone. In case of 'PHL' only one function is
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estimated for all the zones and tenures are entered in the function by 
using binary dummies. In this way a total of 30 equations are 
estimated but only those with usually acceptable levels of statistical 
significance are reported below.
Most of our estimated equations are statistically marginally 
acceptable due partly to degrees of freedom problems and partly 
perhaps to specification problems. Moreover the problem namely use of 
pooled data when we know that underlying structures are statistically 
different may affect the estimated coefficients of ’labor use 
functions’. Such estimates suffer from the problem of aggregation 
bias and therefore numerical values of the estimated coefficients 
cannot be treated as approximating true values of the coefficients. 
However the direction of the estimated signs should be indicative and 
are unlikely to be reversed due to aggregation bias. The estimated 
coefficients of 'labour use functions' are reported below and are 
interpreted with the caveats mentioned above.
Tractor use and bullock labor are measured in 8 hours days. It 
is found that both tractor days and bullock days are highly negatively 
correlated with each other. Due to multicolinearity they could not be 
used simultaneously in one equation. To avoid this tractor days are 
entered in 'labor use equations' as percentage of bullock days. 
Similarly it is expected that as percentage of the use of tractor days 
relative to bullock days increaseses, the use of human labor will 
decrease and vice versa.
The scatters of residuals were examined for tjie estimated 'labor 
use functions' discussed in this chapter in order to check whether the 
functional form and/or the selection of explanatory variables is 
appropriate. The scatters were random, which indicated that the form
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of function and the the selection of explanatory variables seem to be 
appropriate.
5.3 Total Labor
Tables 5.1 to 5.3 report estimated regression equations for 'TL' 
for all the 3 crop zones. One equation for each ’farm size' in each 
zone was estimated with dummies for tenures. Table 5.1 reports the 
functions for the rice zone. The signs of coefficients in all the 3 
equations for 3 farm sizes are in the expected direction. But there 
is considerable variation between the significance of these 
coefficients. In small farms only the coefficient of 'CAf and ’FS’ 
are significant. The sign of the former is negative and of the latter 
positive. This is consistent with our expectations and other studies 
as discussed in Chapter 3. It indicates that small farms seem to 
substitute labor for land. Since main source of farm labor is the 
family, and main source of employment for their families is working on 
the farm, the significance and signs of ’cultivated area’ and ’family 
size’ are as could be expected. All other estimated coefficients are 
insignificant except the constant term.
In the estimated equation for medium farms the only significant 
estimated coefficients are for 'tractor use’ and ’intercept'. The 
sign with tractor use is negative. This is probably because when the 
farm size increases, the family source of labor becomes more and more 
insufficient. Table 2.7 above indicates that medium and large farms 
use less family labor per cultivated acre as compared with small 
farms. The medium farmers are probably unable to meet total labor 
needs particularly for High Yielding Varieties from family sources, 
and turn to the use of tractor to reduce the pressure on family labor.
However the use of tractor seems to reduce the use of labor on their
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farms.
The estimated equation for labor use on the large farms has all 
the coefficients statistically significant. The coefficients of ' CA’, 
fertilizers, tractor use, education and ’FS' are negative, and for 
implements, seeds and dummy for owners are positive. The negative 
sign with cultivated area may be due to substitution of land for labor 
by large farms. Because they possess more land and may have 
relatively small family ( as due to education and exposure to modern 
world people tend to reduce their family size. Large farms in Punjab 
are in a position to educate their children and may be more aware of 
the modern life as well as compared with poor small farmers). The 
negative sign with fertilizer use may be due to its replacing the 
application of farm yard manure.
In Punjab large farms were the first to adopt new seed and other 
modern technologies and techniques. They are still supposed to be 
ahead of small and medium farms (In 1981-82 data large farms are using 
higher quantities of modern inputs as compared with small and medium 
farms (see Table^A appendix III). Being economically better off they 
have better access and ability to purchase certified seed and other 
agricultural modern inputs for each crop. High yielding seeds use 
more labor as they yield more due to having better combination of 
other complementary inputs. Consequently, new seeds play a 
significant role in the increase of labor use on large farms in rice 
zone. Though the signs of estimated coefficients for seeds are also 
positive in the case of the small and the large farms, but they are 
not statistically significant.
The positive sign of estimated coefficients in case of implements 
is as expected. Though the signs of this coefficient for small and
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medium farms are also positive they are only significant in the case 
of large farms. It is probably due to large farmers being in a better 
economic position and being able to have larger stock of them per 
worker, whereas small and medium are unable to do so.
The tractor seems to be labor displacing. Since small farms are 
almost fully family operated and the objective of the family business 
is to employ all the family members who could work (Sen 1966), they 
use a tractor very rarely. In 1981-82 the use of tractor time per 
cultivated acre on small farms is among the lowest (most of it is 
hired tractors). The tractor is used by small farms to improve the 
land mainly, so that the prospects of family employment on the farm 
could increase. The estimated coefficient in their case, however, is 
insignificant. But medium and large farms use tractors extensively 
and the estimated coefficients for tractor use in their cases are 
negative and significant, suggesting that tractor use is labor 
displacing on large and medium farms.
Education seems to affect labor use negatively on the large farms 
in the rice zone. The effect of education in the case of small and 
medium farms is insignificant. The causation in this case is complex 
but is probably related to use of farm machinery by large farms.
The effect of family size on labor use seems different in all the 
three farm size groups. The estimated coefficient for family size is 
positive in both small and medium farms but significant only in the 
small. Obviously it is due to importance of family labor in total 
labor use on small farms. The estimated coefficient of family size is 
negative as well as significant in the large farms category. This is 
partly an indicator of strong leisure preference of relatively richer 
farmers. It could also be due to higher dependency ratios among
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families with large farms.
The positive sign of estimated coefficient for owners' dummy 
indicates that owners use more labor than tenants (Tenants are 
excluded dummy in the 'labor use functions'). It is positive in all 
the farm size categories but is significant only in the case of large 
farms. The positive sign with this dummy is as postulated in chapter 
3. Owner-cum-tenants are a mixed category between owners and tenants. 
Their behaviour is not clear. They may go either way. The 
coefficient for that dummy is negative in the large farms and positive 
in the medium farms.
As mentioned above, farm size is negatively associated with labor 
use in all the farm sizes, but significant only in small and large 
farms. Thus in the case of small and large farms the difference in 
the size of farms indicates negative and significant association of 
farm size with labor use in the rice zone of Punjab.
Table:5.2 represents total 'labor use functions' for the 
sugarcane zone. It reports equations for small, medium and large farm 
categories in the zone. The estimated coefficient of 'CA' is negative 
in all the three farm sizes, significant only in small farms. Thus 
the argument of substitution of labor for land may be applicable in 
this zone. All the other estimated coefficients in both small and 
medium farms are insignificant. The estimated coefficient for 
'tractor use' is negative in the small farm category and positive in 
medium and large farms, but statistically insignificant in all the 
three cases. When the figure for tractor use is seen for sugarcane 
zone and compared with the other two zones it is among the lowest (see 
appendix III, Table:4A).
In the case of estimated equation for large farms the estimated
Page 95
coefficients of 'fertilizers’ and 'education' are negative. The 
coefficient of fertilizer is statistically significant suggesting 
substitution of farm yard manure by fertilizer. Large farms use 
maximum tractor time and minimum bullock labor as compared with other 
farm size categories (appendix III, Table 4A).
The signs of estimated coefficients of education are (see 
Table:5.3) are insignificant. The estimated coefficient for
TABLE 5.1
REGRESSION RESULTS OF 'LABOR USE FUNCTIONS' 
IN RICE ZONES
(Cross-sectional Data, Year 1981-82) 
DEPENDENT VARIABLE IS LOG OF TOTAL LABOR DAYS
Log of Independent 
Variables
i
! Small 
! Farms
i
Medium
Farms
! Large 
! Farms
Cultivated Area -0.482** -0.034** -0.219*
Value of Fert./GR -0.050 -0.062 -0.346**
Value of Seeds/GR 0.064 0. 13 0.128*
Value of Implem./GR 0.003 0.045 0.019**
Tractor/Bullock Days 0.005 -0.033* -0.029**
% of Educated Males 0.0005 0.023 -0.012**
Family Size 0.082* 0.012 -0.114**
Dummy for Owners 0.003 0.037 0.057*
Dummy for Owner-cum-tenants 0.103 -0.059*
constant term 5.361** 4.772** 2.976**
R-2 0.857 0.512 0.969
D.F. 31 18 6
F Ratio 30.34* 4.15* 53.63**
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's 't' test.
2. All the independent and dependent variables are 
taken in this table are taken in per cultivated 
acre bases.
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implements is significant only in the large farms group. Other 
estimated coefficients are insignificant. The level of significance 
of coefficients indicates that the economic factors represented in the 
regression equations are either not important in the sugarcane zone 
for labor use in any of the size categories, or the small sample size 
in all the three groups is leading to errors of measurement in the 
variables. Table:5.3 represents the total 'labor use functions' for
TABLE 5.2
REGRESSION RESULTS OF 'LABOR USE FUNCTIONS'
IN SUGARCANE ZONE
(Cross-sectional Data, Year 1981-82)
DEPENDENT VARIABLE IS LOG OF TOTAL LABOR DAYS
Log of Independent 
Variables
j
! Small 
! Farms
1
j
Medium !
Farms !
1
Large
Farms
Cultivated Area -0.738** -0.059 -0.159
Value of Fert./GR -O.I63 -0.051 -0.177*
Value of Seeds/GR 0.157 0.314 0.231
Value of Implera./GR -0.016 -0.099 0.169**
Tractor/Bullock Days -0.001 0.635 0.001
% of Educated Males 0.017 0.073 -O.O83
Family size -0.024 0.103 0.054
Dummy for Owners -0.0003 -0.026 0.002
Dummy for Owner-cum-tenants
Constant 5.733** 12.260 6.00
R-2 0.828 0.695 0.683
D.F. 12 4 4
F Ratio 13.07** 4.41 5.15
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's 'T' test.
2. All the independent and dependent variables 
in this table are taken in per cultivated 
acre bases.
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the cotton zone. One equation for each farm size is-estimated. Since 
small farms in the cotton zone do not report the use of 'CL' and only 
family labor is available. Therefore, no equation of 'TL' for small 
farms in the cotton zone is estimated. The problem of degrees of 
freedom and small sample persists in this case also.
The equation for medium farms has only one coefficient 
significant, i.e. ’tractor use’. All other coefficients are 
insignificant. On the other hand the large farms have all but 
coefficient of ’CA’ significant. The coefficient of 'Tractor use' is 
significant in both the size groups but with opposite sign. It is 
negative in medium and positive in the large farms. This is a quite 
interesting case. Tractors seem to be replacing labor among medium 
farms. But in case of the large farms, the positive and significant 
sign may be due to increase in cropping intensity and land 
improvements made possible by tractor use which may enhance the use of 
labor. Estimated coefficients for Fertilizer use in large farms group 
has positive effect on labor use. This is different from what is 
observed in table 5.1 in the rice zone. In that case labor and 
fertilizer use had a negative relationship. This is probably due to 
special nature of cotton as a crop. It also means that the effect of 
fertilizer on labor is more than offsetting the negative effects due 
to replacement of farm yard manure. Again the negative sign of 
estimated coefficient for seed among the large farms is unusual. The 
new variety of seeds are short statured, with less foliage, and 
specially in the case of cotton, need fewer pickings. This may partly 
explain the negative sign. Tenurial dummies are positive in both the 
size categories, suggesting that owners and owner-cum tenants use more 
total labor as compared with tenants. However, the coefficients are 
significant only in large farms. The R“2 tn these 'labor use
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functions is reasonably high and ’F ’ ratios are significant. On these 
grounds the equations may be considered acceptable.
5.3 Family Labor
Table:5.4 reports the estimated family 1 labor use functions’ for 
rice zone. Like ’TL’ here again one regression equation is estimated 
for each farm size in this zone.
TABLE 5.3
REGRESSION RESULTS OF TOTAL ’TOTAL LABOR USE FUNCTION’
FOR COTTON ZONE
(Cross-sectional Data, Year 1981—82)
DEPENDENT VARIABLE IS LOG OF TOTAL LABOR DAYS
Log of Independent
1
1 Small
1
1 Medium
1
j Large
Variables 1
»
Farms 1
»
Farms 1
1
Farms
Cultivated Area -0.657 -0.129
Value of Fert./GR -0.288 2.041**
Value of Seeds/GR -0.237 -0.720*
Value of Implem./GR No -0.214 0.226**
Tractor/Bullock Days -0.041* 0.102*
% of Educated Males 0.028 -0.038**
Family Size Data -0.004 0.777**
Dummy for Owners 0.024 0.228*
Dummy for Owner-cum-Tenants 0.056 0.962**
Constant 1.539 13.380*
R-2 0.729 0.961
D.F. 9 4
F Ratio 6.39 36.19**
* = Significant at 5 per cent 
** - Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's ’T' test.
2. All the independent and dependent variables are 
taken in this table are taken in per cultivated 
acre bases.
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In the estimated equations for labor use on small farms the 
coefficient of 'CA' and 'FS' are statistically significant. The 
former is negative and the latter is positive. All other coefficients 
except the intercept are statistically insignificant. The 
significance of coefficient of cultivated area and family size among 
small farms for family labor use is understandable. In the medium 
farms group the coefficients of ’implements’, 'tractor use' and ’FS'
TABLE 5.4
REGRESSION RESULTS OF FAMILY 'LABOR USE FUNCTIONS' OF
RICE ZONE
(Cross-sectional Data, Year 1981-82)
DEPENDENT VARIABLE IS LOG OF FAMILY LABOR DAYS
Log of Independent 
Variables
i
! Small
! Farms
i
! I
! Medium !
! Farms !! ;
Large
Farms
Cultivated Area -0.601** -0.305 2.542
Value of Fert./GR -0.071 0.244 0.161
Value of Seeds/GR 0.078 0.219 0.422
Value of Implem./GR 0.014 0.242** 0.201
Tractor/Bullock Days -0.006 -0.160** - 0.032
% of Educated Males -0.001 -0.078 - 0.044
Family Size 0.112** 0.522* 1.233
Dummy for Owners -0.004 - 1.395
dummy for owner-cum -0.219 - 0.184
Tenants
constant 5.418** 5.97* 1.788
R-2 0.863 0.713 0.227
D.F. 31 18 6
F Ratio 31.67 9.25** 1.49
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's 'T' test.
2. All the independent and dependent variables are 
taken in this table are taken in per cultivated 
acre bases.
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are significant. The sign with tractor use is negative and with 
'implements’ and 'family size' positive. Here again, like small
farms, 'family size' is contributing significantly and positively 
towards family labor use on medium farms, while tractors tend to lower 
it. Estimated equations for large farms have very low R-2 and the 
'F' ratio is statistically insignificant. This is probably due to 
small sample and degrees of freedom problem. Table 5.5 represents 
family 'labor use functions' for the sugarcane zone. One function is 
estimated for each farm size category. In the small farms' equation 
the coefficient of 'CA' is negative and significant. Again it is 
probably due to land and labor substitutability. All other 
coefficients except the intercept are insignificant. In the case of 
medium farms only 'FS' is significant with positive sign and with 
large farms the coefficient of education is significant. Both these 
are as observed in total labor use and same arguments hold. All the 
remaining coefficients in medium and large farms are insignificant 
suggesting that either lack of degrees of freedom is serious or the 
specification of the model used to explain 1981-82 data failed to 
capture the underlying causes through my specification and functional 
form.
Table:5.6 reports family 'labor use functions' for the cotton zone. 
Three regression equations presented in this table are for small, 
medium and large farms.
In the equation for small farms only 'tractor use' coefficient 
and intercept are statistically significant. All other coefficients 
are insignificant. But the signs of all the coefficients are as 
expected. The only significant coefficient of 'tractor use' is 
negative. It again confirms negative association of tractor use with 
family labor. In the equations for the medium farms the estimated
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coefficient of ’tractor use' alone is significant. “The equation for 
large farms is poorly estimated and no coefficient is significant, 
probably due to the problem of degrees of freedom and measurement 
errors in the variables. The R-2 in these labor use functions, 
except in the large size farm in the rice zone, large and medium in 
the sugarcane zone , is high. The ’F* ratio is significant in a 
majority of the equations. No serious multicolinearity was found.
TABLE 5.5
REGRESSION RESULTS OF ’LABOR USE FUNCTIONS'
FOR SUGARCANE ZONE 
(Cross-sectional Data, Year 1981-82)
DEPENDENT VARIABLE IS LOG OF FAMILY LABOR DAYS
Log of Independent 
Variables
t
! Small
! Farmsi
i
! Medium 
! Farmsj
;
! Large
! Farmsj
Cultivated Area -0.727** 1.216 -1.809
Value of Fert./GR -0.161 0.129 -0.161
Value of Seeds/GR 0.159 0.127 -1.026
Value of Implem./GR -0.014 -0.220 -0.028
Tractor/Bullock Days -0.001 3.259 0.012
% of Educated Males 0.016 -0.077 -0.870*
family Size -0.017 0.624* -0.366
Dummy for Owners -0.002 0.084 -0.349
Dummy for Owner-cum-Tenants 
Constant 5.740** 37.529 2.769
R-2 0.83 0.45 0.314
D.F. 12 4 10
F Ratio 13.24** 2.233 2.02
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's ’T' test.
2. All the independent and dependent variables 
in this table are taken in per cultivated 
acre bases.
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5.4 Effects of Methods of Irrigation and Tractor on Labor Use
An interesting debate is still going on about the effects of 
tractor use on employment in agriculture. Binswanger (1978) 
summarized most of the literature for south east asia on this issue. 
He came to the conclusion that literature on this problem is not 
conclusive. However, he suggests, that it may be considered slightly
TABLE 5.6
REGRESSION RESULTS OF »LABOR USE FUNCTIONS» 
FOR COTTON ZONE
(Cross-sectional Data, Year 1981-82) 
DEPENDENT VARIABLE IS LOG OF FAMILY LABOR DAYS
Log of Independent 
Variables
i i
! Small !
! Farms !; t
i
Medium !
Farms !i
Large
Farms
Cultivated Area -0.311 -0.216 -0.185
Value of Fert./GR -0.188 -0.193 -0.846
Value of Seeds/GR 0.142 -0.107 0.859
Value of Implem./GR 0.067 -0.162 -0.146
Tractor/Bullock Days -0.038« -0.054« -0.105
% of Educated Males 0.017 0.023 -0.031
Family Size 0.128 0.009 0.106
Dummy for Owners 0.096 -0.006 0.094
dummy for Owner-cum-Tenants -0.124 
Tenants
-0.106 0.125
Constant 4.948»« 1.367 3.98
R-2 0.585 0.752 0.615
D.F. 24 9 4
F Ratio 6.17»* 7.07«» 3.31
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student’s »T» test.
2. All the independent and dependent variables are 
taken in this table are taken in per cultivated 
acre bases.
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negative for employment. Ashiq and Khan (1981; p34) found that
intensity of cultivation ( average man-bullock hours used for 
ploughing and planking) was significantly higher on tubewell plus 
tractor farms than the bullock operated farms. The area of their
study was also Pakistan Punjab, and the same two districts i.e. 
Gujranwala and Sahiwal. By contrast this study found tractor use to 
be negatively correlated with total labor and family labor use. The 
difference of conclusion between Ashiq's study and this study is
mainly due to the definition of the labor variable. In their study 
labor used only for ploughing and planking was used whereas in this 
study labor used in all the agricultural operations including 
livestock is used.
As discussed in section 2.4 wherever tractor is introduced in the 
irrigation-technique mixes, labor use went down considerably. In 
order to check this effect with an alternative method, regression 
equations for four categories of labor were estimated using dummies 
for 5 mixes of irrigation and techniques and are reported in
Table:5.7. These mixes are already explained in the section mentioned 
above. These equations have very low R-2, but acceptable 'F'
ratios. The significance of coefficients is still relevant because 
explanatory variables in the equations are 'dummies'. Therefore, they 
are only shifters and indicators in nature.
In case of 'TL' and 'FL' functions the dummies with tractor are 
negative and significant. For 'CL' and 'PHL' the same coefficients 
are mostly with opposite signs as compared with 'TL' and 'FL'. 
Tubewell farms seem to use more casual labor than canal farms. Also, 
for casual labor use the coefficients are positive and significant for 
tractor use. But in case of 'PHL' only canal-tractor farms are
significantly different from canal farms. Other coefficients are
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insignificant in this case. These indicative regression equations 
once again confirm that tractor probably has had negative effects on 
farm labor use except for casual labor.
5.5 Analysis of Labor Use on ’All Farms’
Despite the aggregation problem an attempt is made to estimate 
labor use functions for different crop regions using the total sample 
of farm data. Table:5.8 reports regression results. The estimated 
coefficient for cultivated area has significant and negative 
correlation with total labor and family labor use. This is consistent
TABLE 5.7
REGRESSION RESULTS OF VARIOUS IRRIGATION SOURCES 
AND TECHNIQUES MIXES 
(Cross-sectional Data, Year 1981-82)
Dependent Variables in Days per Cult. Acre
Explanatory ' Total ' Family ' Casual ’ Permanent
Variables ' Labor ' Labor ' Labor ’ Labor
(Dummies) » t i »
(Bullock Labor is 
common in all Farms) 
Canal Irrigated
Tubewell Irrigated 0.15 0.66 11.78** - 0.94
Canal+Tubewell - 0.07 - 0.04 1.88 - 1.51
Canal+Tractor - 0.42** - 0.61** 2.68 2.77*
Tubewell+Tractor - 0.12** - 0.58** 11.87** 0.88
Canal+T.Well+Tractor - 0.44** - 0.84** 5.77*« 1.30
constant 4.31** 4.22** - 9.198* 9.76**
R-2 0.28 0.14 0.26 0.02
D.F. 198 198 198 198
F Ratio 16.98** 7.47** 15.38** 1.93
* = Significant at 5 per cent 
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this 
table by using Student's 'T' test.
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with the findings reported above and in Chapters 2, section 2.3*3 With 
casual labor and permanent hired labor it is positive. These signs 
are as expected and conform to the discussion in chapter 3 and 4. The 
estimated coefficient of fertilizer with respect to labor use is 
negative and statistically significant with total labor and casual 
labor, and positive but insignificant with family labor and permanent 
hired labor. This trend still may be partly due to replacement of 
farm yard manure by fertilizers.
The coefficient of seeds is not significant in any of the four 
equations suggesting that it does not affect labor use significantly. 
It may be that all farmers are using almost the same varieties. The 
difference in value of seed used per acre may be due to small 
differences in quantities and prices in different areas.
Usually when casual labor is hired they come with their 
implements. Moreover, if a farmer is poor he may not be able to buy 
all the implements by himself. Therefore, if needed he may be hiring 
casual labor. But if he could buy implements by himself he may use 
family labor instead of casual labor. Probably due to this reason the 
coefficient of implements shows negative sign with casual labor and 
positive with all other categories of labor. These signs of 
coefficients differ from pooled data in case of casual labor and 
permanent hired labor. It is probably because in the beginning of the 
’green revolution' farmers used more casual labor, but showed a shift 
in favour of family labor and permanent hired labour as they became 
more confident.
The tractor is usually hired for land preparation and threshing 
of wheat. These are the functions which are usually exclusively done 
by family labor and some times by permanent hired labor, but not by
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casual labor. In this case tractors would replace family labor. This 
is evident from the coefficients of tractor use with respect to use of 
family labor and total labor. The coefficients are negative and 
significant for total labor and family labor. The sign with casual 
labor and permanent hired labor are positive but not statistically 
significant. The estimated coefficient of education is insignificant 
in all the labor use equations. It does not show that it is an 
important factor in determining labor use on farm.
The sign of tenancy coefficient with total labor is negative and 
insignificant. With family labor it is positive and significant. The 
sign of its coefficient is negative with casual labor and permanent 
hired labor. Tenants, as could be expected, mostly rely on family 
labor.
5.6 Analysis of Labor Use on Different Farm Sizes
Regression equations for labor use on different farm groups are 
reported in Table:5.9 As discussed in chapter 2 labor use differs on 
all the 3 farm size categories. It was observed that total labor and 
family labor decrease as one moves from small to large size. Total 
labor use and cultivated area shows negative and significant 
correlation in all the farm sizes. It thus indicates that the 
negative correlation between farm size and labor use exists not only 
among different sizes, but it also holds within each size category. 
Value of fertilizer has negative and significant correlation in small 
farms whereas it is insignificant in other sizes. Seeds have also 
insignificant correlation with total labor use in all sizes though 
positive in small and negative in other sizes. Implements have 
positive correlation in all sizes but the coefficient is significant 
only in small farms. It indicates that implements are more important
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for small farms as compared with other sizes. Reasons for this may be 
due to the difference in economic status. When tractor use increases 
relative to bullock days, labor use goes down. It is reflected by 
negative and significant coefficients of tractor use. The same trend 
is found in all the farm sizes.
Education has positive and significant correlation in case of 
medium farms for total labor use. In all other cases it is 
insignificant. Thus major determinants of total labor use in small
TABLE : 5.8
REGRESSION RESULTS OF ’ALL FARMS ALL REGIONS 
(Cross-sectional Data, Year 1981-82)
1
Log of Independent !
i
Dependent Variable is Log of
» j t ! Permanent
Variables ! Total ! Family ! Casual ! Hired
t
i Labor ! Labori ! Labor 1 ! Labori
Cultivated Area -0.43** -0.67 - 4.64** 0.54**
Value of Fert./GR -0.09** 0.14 - 6.03** 0.51
Value of Seeds/GR 0.02 -0.15 - 1.45 0.20
Value of Implem./GR 0.04** 0.20** - 1.28** 0.02
Tractor/Bullock Days -0.02** -0.05** 0.11 0.19
% of Educated Males -0.0005 -0.01 - 0.10 0.13
% of area Rented-in -0.01 0.06** - 0.74** - 0.65**
Constant 4.92** 6.46** -45.89** -1 1.18**
R-2 0.80 0.65 0.46 0.21
D. F. 196 196 196 196
F Ratio 116.68** 55.13** 26.02** 8.83**
* = Significant at 5 per cent
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this
table by using fT test.
2. All the independent and dependent variables are
taken in this table in per cultivated acre basis.
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5.7 Conclusions
Most of the estimated equations are statistically marginally 
acceptable due partly to degrees of freedom or aggregation problems, 
and partly perhaps to specification problems. However, a few 
tentative conclusions which reinforce my findings in Chapter 2 and 4 
can be inferred from the analysis above and are as follows:
TABLE
REGRESSION RESULTS OF 
FARM SIZES 
(Cross-sectional
: 5.9
»ALL FARMS AND DIFFERENT
ON ALL FARMS
Data, Year 1981-82)
I
Log of Independent !
1
Dependent Variable is Log of TOTAL LABOR
1
Variables !i
i
All
farms
! Small 
! Farms
1
! Medium 
! Farms
»
!
!
!
!
Large
Farms
Cultivated Area -0.43** -0.59** -0.34** -0.38**
Value of Fert./GR -0.09** -0.11** 0.06 -0.07
Value of Seeds/GR 0.02 0.03 -0.09 -0.06
Value of Implem./GR 0.04** 0.06** 0.02 0.03
Tractor/Bullock Days -0.02** -0.02** -0.03** -0.02*
% of Educated Males -0.0005 0.0001 0.02** -0.006
% of area Rented-in -0.01
Constant 4.92** 5.34** 4.63** 4.26**
R-2 0.80 0.64 0.67 0.27
D. F. 196 88 53 42
F Ratio 116.68** 28.51** 20.64** 3.95
* = Significant at 5 per cent
** = Significant at 1 per cent
Notes= 1. Significance of the coefficients is tested in this
table by using ' T’ test.
2. All the independent and dependent variables are
taken in this table in per cultivated acre basis.
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(1) Farm size has a negative effect on total and family labor use as 
was observed in the majority of 'TL' and 'FL' equations. Farm 
size and labor use are negatively correlated not only in 
aggregate data, but also within such samples too. However, the 
effect of 'CA' on ’CL’ and 'PHL' is not clear.
(2) The effects of fertilizers, seed and implements showed mixed 
behaviour, and also their coefficients are not significant in 
very many cases.
(3) 'Tractor use' is found to be negatively correlated with 'TL' and 
'FL'. The situation seems mixed for casual labor use and 
positive for 'PHL'.
(4) Using a single equation regression method with my specification, 
estimation procedures, functional form and subsample sizes, I 
have not been able to capture the essence of the functioning of 
the systems in 1981-82. This however does not negate our 
findings of Chapter 2 and Chapter 4 and tentative conclusions
above.
CHAPTER 6
SUMMARY AND CONCLUSIONS
This study attempts to identify factors affecting 'labor use' in 
Punjab irrigated agriculture. The hypotheses which were formulated 
were tested with two types of analysis, the descriptive statistics 
method (Chapter 2), and functional analysis ( Chapters 4 and 5). 
major conclusions are as follows:
Between 1966-72 and 1981-82 the importance of family as a source 
of labor for farm production activities had increased. In this sense 
the contribution of technology embodied in change to high yielding 
varieties has been to strengthen the family operated mode of farm 
employment. This further strengthens social attitudes of avoiding, if 
possible, work as a paid servant on neighbour's farm.
The number of days of labor input per acre increased from 48 man 
days in 1966-72 to 61 man days in 1981-82. There were however 
considerable variations among large and small farms and across 
cropping regions (Tables:2.1, 2.3 and 2.7 in Chapter 2). Productivity 
also has been improved with the new technologies and they have had an 
effect on labor use (see Table:2.12). Indirectly it is suggested that 
seed-fertilizer innovations have increased labor use considerably.
In both 1966-72 and 1981-82 farm size in terms of cultivated area 
was found to be associated negatively with total labor and family 
labor use in all crop regions and most technique mixes. Small farms 
used highest amounts of labor per acre and large farms used lowest 
amount ( see Table:2.7).
The effect of 'tractor use' on labor absorption was quantified in
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3 ways. Firstly, by descriptive statistics in chapter 2, and then by 
using tractor use time as one of the variables in ’labor use 
functions' in chapters 4 and 5, lastly, by using binary dummies for 
'tractor use' or 'tractor nonuse' in labor use functions. In most 
cases tractor use was found to be negatively associated with 'total 
labor’ and 'family labor' use. Its association with 'casual labor' 
and 'permanent hired labor' was not very clear. Therefore due to its 
negative effects on total labor use, tractor use must be watched very 
carefully at the national level. Introduction of small tractors ought 
to be investigated seriously.
Cropping pattern, and tenures affect labor use. However, the 
pattern has changed over time. Between 1966-72 and 1981-82 the 
difference in labor use among 'cropping patterns' decreased and that 
of tenures increased (Tables: 2.5 and 2.6 in chapter 2)
Tubewell irrigation when used alone was found to be associated 
with higher labor use. But when used with canal irrigation the use of 
labor was lower. Therefore, introduction of tubewells in unirrigated 
areas of Punjab instead of canals may be better for labor employment, 
unless such a strategy is technically not feasible or turns out to 
yield economically very low returns. This way, not only will labor 
use increase, but also water logging and salinity problems would be 
reduced.
My failure to estimate the relationships using alternative 
methods may be due to a number of reasons. One of the important 
problems which was felt while estimating 'labor use functions' for 
each farm size, crop zone and categories of labor (in 1981-82 data) 
was the problem of sample size. Therefore, the biases of small sample 
size might have caused the problem. Although the examination of
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residual sum of square for each of the equations did not show any 
major error of specification, this is not the only and the perfect way 
to check this problem. Therefore, there is still a chance of error in 
specification and error in mathematical form. Also, a bias might have 
come in due to ' ols' method of estimation. In this study more 
sophisticated techniques are not tried because of data problem which 
had very few degrees of freedom for different farm categories, and the 
time constraint.
On the basis of results discussed in Chapters 2 , 4 and 5 the
folowing hypotheses are sustained:
-The major source of farm labor is from the family 
-Farm size affects labor use negatively 
-Different irrigation sources vary labor use 
-Tractor use decreases use of labor
While the results relating to the following are not clear.
-Technologies like HYV seeds increase labor use 
-Labor use varies with different Cropping Patterns 
-Amounts of labour used differ with tenure.
Findings of this study are in some respect in line with 
Vaidyanathan's (1978) results for India and basic relationship 
postulated by Ishikawa (1978).
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APPENDIX I
ADMINISTRATIVE DIVISIONS AND DISTRICTS 
OF PUNJAB AS IN (1981)
NO DIVISIONS DISTRICTS
1 Rawalpindi Rawalpindi, Campbelpur, Jhelum, Gujrat
2 Lahore Lahore, Kasur, Sheikhupura, Gujranwala 
Sialkot
3 Sargodha Sargodha, Mianwali, Jhung, Faisalabad
4 Multan Multan, Vehari, Sahiwal, Muzaffargarh, 
D.G. Khan
5 Bahawalpur Bahawalpur, Bahawalnagar, R.Y. Khan
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APPENDIX II
SALIENT AGRARIAN CHARACTERISTICS OF VARIOUS 
DISTRICTS OF PUNJAB
DISTRICTS
CULTI­
VATED 
AREA 
(CA) 
000 HA
CROPP-!IRRIG- 
ING 1ATED 
INTENS!AREA 
(Cl) !(IA) 
(%) ! (%)
j j i i
! CA/ !LAND !FRAGM-!WATER 
!RURAL !CONSC-!ENTED !LOGGED 
IINHAB-IENTRA-!FARMS !_SALINE 
!TANTS !TION ! (%) ! AREA
! (HA) !(GINI ) ! ! (%)
j j i i
Multan+Vehari 1190 112.2 100.0 0.29 0.354 45 14.84
Sahiwal 926 115.7 100.0 0.16 0.319 49 11.56
Faisalabad 734 121.1 100.0 0.22 0.289 49 17.46
Lahore+Kasur 395 141.5 100.0 0.32 0.325 56 13.85
Sheikhupura 444 118.8 100.0 0.31 0.338 60 25.68
R. Y. Khan 569 94.0 100.0 0.47 0.314 58 20.48
Bahawalnagar 520 94.6 100.0 0.57 0.309 49 8.87
Bahawalpur 355 110.3 100.0 0.41 0.347 56 7.67
Gujranwala 477 131.1 93.3 0.29 0.322 65 15.93
D. G. Khan 546 62.3 93.3 0.66 0.405 65 7.81
Muza ffargarh 668 95.2 89.3 0.82 0.388 65 16.69
Jhang 657 89.9 89.8 0.51 0.314 57 14.50
Sargosha 985 99.7 69.2 0.61 0.350 62 7.69
Gujrat 449 114.1 63.4 0.27 0.284 85 3.26
Sialkot 442 127.6 60.8 0.22 0.285 75 0.06
Mianwali 805 92.7 35.8 0.93 0.383 76 0. 10
Jhelim 289 100.7 8. 1 0.32 0.362 94 0.08
Campbelpur 439 90.5 6.8 0.51 0.391 83 -
Rawalpindi 298 100.8 4.0 0.30 0.381 87 -
Source: Khan, D. A 1979, p . 58
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APPENDIX III
A3.1 Introduction
This appendix is divided into two parts. The first part contains 
tables reporting mean values of labor use and other factors for both 
the sets of data. These tables were the are a source of discussion 
tables in chapter 2. The second part has a discussion about 'T' test 
used to compare the pairs of mean values of 'labor use' and 'other 
factors' given in these tables.
A3.2 Mean Values of 'Labor Use' and 'Other Factors'
This section consists of 6 tables. The first three report mean 
values of labor use by farm categories. The remaining 3 report mean
values of other factors of production in agriculture.
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TABLE : A3.  1
MEAN VALUES OF LABOR INPUTS 
( P o o l e d  D a t a ,  P e r i o d  1 9 6 6 - 7 2 )
No
Farm
C a t e g o r i e s
T o t a l
L a b o r
! F a m i l y
I
! L a b o r
C a s u a l
L a b o r
P . H .
L a b o r
i i ---------
i j
! !Days*
j j
%
J
!D ay s*
j
% !D ay s* % Days * %
1. A l l  F a r m s  48 100 37 77 10 21 1 2
2 . R i c e  Zone  57 100 45 80 12 20 - -
3 . S u g a r c a n e  Zone  48 100 38 79 10 21 - -
4 . C o t t o n  Zone  40 100 29 72 9 20 3 8
5 . Owner  F a r m s  50 100 38 76 10 20 2 4
6 . 0 .  Cum T e n a n t s No D a t a
7 . T e n a n t  F a r m s  47 100 37 79 10 21 — —
* S t a n d a r d  8 h o u r s  m a n - d a y s  p e r  c u l t i v a t e d  a c r e
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TABLE : A3.2A
MEAN VALUES OF LABOR INPUTS 
(Cross-sectional Data, Year 1981-82)
No
I
i
! Farm
i
! Categories
I
j
! Total 
! Labor
!
!
!
!
Family
Labor
! Casual 
! Labor
P.H.
Labor
IDays* % !Days*
j
% IDays* % Days* %
1. All Farms 61 100 51 84 7 11 3 5
2. Rice Zone 60 100 42 70 15 25 3 5
3 . Sugarcane Zone 63 100 55 87 5 8 3 5
4 . Cotton Zone 61 100 59 97 - - 2 3
5. Owner Farmss 63 100 52 82 8 13 3 5
6. Owner c Tenants 58 100 50 86 6 10 2 4
7. Tenant Farms 50 100 46 92 4 8 - -
8. Small Farms 78 100 72 92 6 8 - -
9. Medium Farms 52 100 40 77 8 15 4 5
10. Large Farms 39 100 23 59 10 26 6 15
* Standard 8 hours man-days per cultivated acre.
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TABLE : A3.2B
MEAN VALUES OF LABOR INPUTS 
(Cross-sectional Data, Year 1981-82)
1 1
! ! Total
| I
i
i
i
Family
j
j
i
Casual
i
j
i
P.H.
! Farm ! Labor
No ! !
f |
i
i
Labor 1
•
Labor j
i
Labor
! Categories !
! !Days*
i i
j
% !Days* %
i
i
!Days* %
j
i
i
j
Days* %
1. All Farms 61 100 51 84 7 11 3 5
11. Canal Irrigated 77 100 74 96 1 1 2 3
12. Tubewell Irrig. 88 100 75 85 13 15 - -
13. Canal+Tubewell 71 100 67 94 4 6 - -
14. canal+Tractor 53 100 44 83 5 9 4 8
15. Tubewell+Tractor 69 100 51 74 15 22 3 4
16. Canal+Tubewell+ 
Tractor 51 100 39 76 9 18 3 6
★ Standard 8 hours man-days per cultivated acre
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TABLE : A3.3
MEAN VALUES OF VARIOUS FACTORS 
(Pooled Data, Period 1966-72)
No
i
i
i
! Factors
j
i
j
t ;
! Cult. !
! Area !
!((Area))!
! i
i i
i j
j
Gross ! 
Rev. / !
Acre* 
(Rs.) !
i
j
Value
of
! Fert. 
Acre* 
(Rs.)
j
! Value 
! of
/! Impl. 
! Acre*
! (Rs.)
•
j j
! Bull ! 
! Days ! 
/! per 
! Acre** !
! I
! i
Wage 
Rate** 
! (Rs.)
1 . All Farms 16 394 11 12 19 1.90
2. Rice Zone 14 343 7 21 19 1.90
3 . Sugarcane Zone 13 432 11 6 23 1.74
4. cotton zone 20 413 15 9 15 2.02
5. Owners 16 389 10 18 20 1.91
6. Owner c. Tenants No Data
7. Tenants 16 398 12 7 18 1.89
* Values at constant factor cost to make these figures 
comparable with pooled data.
** Standard 8 hours day per cultivated acre.
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TABLE : A3.4A
MEAN VALUES OF VARIOUS FACTORS 
(Cross-sectional Data, Year 1981-82)
! Cult. ! Gross ! Value ! Value ! Bull ! Trac- 
Farm ! Area ! Rev./ ! of ! of ! Days ! tor
!((Area))! Acre* ! Fert./! Impl./! per ! Days/
!
!
Categories !
i
! (Rs.)
i
! Acre* ! 
!(Rs.) !
Acre* ! 
(Rs.) !
Acre**!
j
Acre**
1 . All Farms 15 1023 38 8 6 0.39
2 . Rice Zone 15 1400 30 9 6 0.55
3 . Sugarcane Zone 15 806 32 5 8 0.06
4. Cotton Zone 14 895 51 9 5 0.46
5. Owner Farms 14 1119 37 9 7 0.38
6. Owner c tenants 17 1045 37 8 7 0.38
7 . Tenant Farms 17 907 44 5 4 0.50
8. Small Farms 7 1235 36 9 8 0.20
9. Medium Farms 16 1033 37 8 6 0.42
10 . Large Farms 28 835 41 7 3 0.73
* Values at constant factor cost to make these figures 
comparable with pooled data.
★ ★ Standard 8 hours day per cultivated acre.
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TABLE : A3.4B
MEAN VALUES OF VARIOUS FACTORS 
(Cross-sectional Data, Year 1981-82)
No
! ! ! ! ! !
! Cult. ! Gross ! Value ! Value ! Bull ! Trac-
Farm ! Area ! Rev./ ! of ! of ! Days ! tor
!((Area))! Acre* ! Fert./! Impl./! per ! Days/ 
Categories ! ! (Rs.) ! Acre* ! Acre* ! Acre**! Acre**
! ! !(Rs.) ! (Rs.) ! !
! ! ! ! ! !
1. All Farms 15 1023 38 8 6 0.39
11. Canal Irrig. 9 893 31 8 10 -
12. T. Well Irrig. 6 1462 25 3 10 -
13. Canal+T. Well 1 1 1024 31 6 8 -
14. Cana1+Tractor 17 805 46 9 4 0.51
15. T. Well+Tractor 10 1731 31 10 7 0.36
16. Canal+T.Well+ 
Tractor
19 1029 18 8 5 0.62
★ Values at constant factor cost 
comparable with pooled data.
to make these figures
** Standard 8 hours day per cultivated acre.
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3.3 TESTING DIFFERENCE OF TWO SAMPLE MEANS
The significance of difference between two sample means can be 
tested by using 'T' statistics^ In order to test whether mean labor 
use (or mean of other factors) in sample one (Xj) and mean labor use 
in sample two (X2.) are equal a null hypothesis can be tested against 
an alternative hypothesis as follows:
H0 : X, - Xz = 0
: X, - X z t 0
1 See Gulezian 1979, p. 330-1; and Walpole 1974, p. 202-5.
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In order to test the hypothesis the 'T' statistic is 
by using the following formula.
calculated
s<,-^
Where S is a difference between two variances.
Since population variance is unknown (if it was known a ' Z' test 
could be applied), will be calculated from sample variances as 
follows:
S
when sample is large and
S
1" s' 1- i-~ln, S, +
n„ n. + n -2
t ‘ r
when sample is small.
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The calculated values of 'T' will be compared with tabulated 
values for nt+n^-2 degrees of freedom and 'a/2' (in this case a=0.01 
Or 0.05) probability level.
In the following tables calculated 'T' values of different pairs 
of farm categories for their means of 'labor use' and 'other factors' 
are given. The subscript with 'T' denotes the pair. For example 
'T12' means the 'T' value for the pair of farm categories number 1 and 
2; similarly 'T23' means the 'T' value for the pair of farm 
categories number 2 and 3. The numbers of the farm categories are 
given in Tables A3.1 through A3.4 in the previous section of this
appendix.
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TABLE : A3.5
COMPARISON BETWEEN MEAN VALUES OF LABOR USE 
(Pooled Data, Period 1966-72)
Calculated• ip f
I
! Total
j
j
! Family
j
j
! Casual
j
P.H.
Values ! Labor
j
! Labor
j
! Labor
j
Labor
Pairs of Crop Zones
T23 -2.43* -2.40* -1.72 (-)
(64 ) +
T24 -5.22** -5.01** -2.73** (-)
(70)
T34 -2.75** -3.06** -1.13 (-)
(64)
Pairs of Tenures
T57 -0.99 -0.34 (-) (-)
( 101 )
Note
* Significant at 5 per cent 
** Significant at 1 per cent 
(-) Very small 'T' value
Numbers in brackets = n1+n2+
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TABLE : A3.6A
COMPARISON BETWEEN MEAN VALUES OF LABOR USE 
( C r o s s - s e c t i o n a l  D a t a ,  Y e a r  1 9 8 1 - 8 2 )
C a l c u l a t e d
• ip •
V a l u e s
j
! T o t a l
i
! L a b o r
i
! F a m i l y
I
! L a b o r
i j
! C a s u a l  !
i I
! L a b o r  !
P . H .
L a b o r
P a i r s  o f  Cr o p Z o n e s
T23 (13 5  ) + -  0 . 7 5 -  2 . 5 6 * 1 0 . 2 1 * * ( - )
T 2 4 ( 1 4 9  ) -  0 . 2 8 -  4 . 1 7 * * ( - ) ( - )
T 3 4 ( 1 1 8 ) 0 . 4 7 -  0 . 7 8 ( - ) ( - )
P a i r s  o f  T e n u r e s
T56 (1 78  ) 1 .4 2 0 . 4 4 1 . 5 6 ( - )
T57 (1 5 9  ) 3 . 1 2 * * 1 . 21 2 . 5 3 * * ( - )
T 6 7 (65  ) 1 . 7 5 0 . 7 1 1 .1 1 ( - )
P a i r s  o f  Farm S i z e s
T 8 9 (153  ) 6 . 2 6 * * 9 . 7 4 * * 1 . 5 9 ( - )
T 8 1 0 ( 1 4 2 ) 1 7 . 8 1 * * 1 7 . 5 8 * * 3 . 0 8 * * ( - )
T 9 1 0 ( 1 0 7  ) 6 . 5 5 * * 5 . 3 0 * * 1 . 3 4 ( - )
N o t e
* S i g n i f i c a n t  a t  5 p e r  c e n t  
** S i g n i f i c a n t  a t  1 p e r  c e n t  
( - )  V e r y  s m a l l  ' T '  v a l u e  
+ N u m b e r s  i n  b r a c k e t s  = n1+n2
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TABLE : A3.6B
COMPARISON BETWEEN MEAN VALUES OF LABOR USE 
(Cross-sectional Data, Year 1981-82)
1 1
Calculated ! Total ! Family
j
! Casual
j
j P.H.
*T* ! !
Values ! Labor !
j i
Labor
j
! Labor
t
j
j
j
Labor
Pairs of Irrig.-Tech, mixes
T1112(38 ) + - 4.30** -0.12 -12.52** (-)
T1112(47 ) 1.53 1.29 - 1.66 (-)
T1114(61 ) 5. 14** 4.48** - 3.04** (- )
T 1115(56 ) 1.99 3.50** -10.52** (-)
T1116(120 ) 9.86** 6.68** - 7.12** (-)
T1213 (23 ) 4.47** 1.07 5. 16** (-)
T 1214 (37 ) 7.66** 3.60** 6.47** (-)
T 1215(32 ) 4.87** 2.87** - 2.21* (-)
T 1216(96 ) 14.99** 4.90** 3.89** (-)
T 1314(46 ) 3.31** 3.90** - 0.51 (-)
T 13 1 5 (4 1 ) 0.41 2.92** - 6.19** (-)
T1316(105 ) 5.19** 7.39** - 2.72** (-)
T 1415(55 ) - 2.90** - 1.00 - 7.83** (-)
T 1416(119) 0.43 0.87 - 2.92** (- )
T 1516(114) 4.55** 3.95** 5.56** (-)
Note
* Significant at 5 per cent 
** Significant at 1 per cent 
(-) Very small 'T' values 
+ Numbers in brackets are = n1+n2
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TABLE : A3.7
COMPARISON OF MEAN VALUES OF OTHER FACTORS 
(Pooled Data, Period 1966-72)
Calculated
"r'
Values
I ii Cult, i
! Area !
j ((Area))
j j
iGross i 
Rev. / !
! i
j
jValue !
of !
! Fert./ $Rue) 1
j
jValue i 
of !
! f S b i
j
Bull
Days
! per Acre
Pairs of Crop Zones
T23(64 ) 0.74 - 4.97** - 2.90** 5.84** - 2.58*
T24(70 ) - 3.73** - 4.83** - 6.57** 4.46** 3.48**
T34(64 ) - 4.96** 1.08 - 3.20** - 2.24* 5.83**
Pairs of Tenures
T57(100) (-) - 0.59 - 1.60 5.22** 1.58
Note
* Significant at 5 per cent 
** Significant at 1 per cent 
(-) Very small 'T' value 
+ Numbers in brackets are = n1+n2
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TABLE : A3.8A
COMPARISON BETWEEN MEAN VALUES OF OTHER FACTORS 
(Cross-sectional Data, Year 1981-82)
Calculated
• Ip f
Values
1 Cult.! Gross ! 
! Area ! Rev./.! 
!( Acres) !  Acre ! 
! ! (Rs.) !
I j 1
Value !
of ! 
Fert./! 
Acre ! 
(Rs . ) !
Value !
of !
Imp./ ! 
Acre ! 
(Rs.)!
Bull
Days
per
Acre
! Trac- 
! tor 
!Days/ 
! Acre
i
IValue 
! of 
! Seed 
! (Rs.)
Pairs of Crop Zones
T23 ( 135 ) + ( - ) 17. 13**- 1. 19** 2.75** -3 . 12** 6.63** 9.59**
T24 ( 149 ) ( - ) 23.46**- 14.68** ( - ) 1.55 0.98 -3.69**
T34(118) ( - ) -  2.18* - 10.58** -3.43** 4.64** -6 . 44** 6.98**
Pairs of Tenures
T56(138) ( - ) 7.47** ( - ) 0.59 ( - ) ( - ) 0.73
T57(159 ) ( - ) 20.90**- 2.45* 2.43* 1.73 -0.97 1. 38
T67(65) ( - ) 50.16**- 2.08* 1.93 3. 17** -0.82 1.65
Pairs of Farm sizes
T89(153) -15.91** 2.72**- 0.51 0.47 3.26** -2.73** 0.83
T810(142) -15.53** 5.34**- 2.02* 1.05 8.54** -5.35** 0.88
T910(107) - 8.33** 14.97**- 1.70 0.60 4.55** -2.68 (-)
Note
* Significant at 5 per cent 
** Significant at 1 per cent 
(-) Very small 'T' value 
+ Numbers in brackets are = n1+n2
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TABLE : A3.8B
COMPARISON BETWEEN MEAN VALUES OF OTHER FACTORS 
(Cross-sectional Data, Year 1981-82)
! ! ! ! ! !
Cult. ! Gross ! Value ! Value ! Bull ! Trac- !Value
Calculated Area ! Rev. / ! of ! of ! Days ! tor ! of
1 ip 1 ((Area ) ) ! Acre ! Fert./l Impl . / ! per ! Days/ ! Seed
Values ! (Rs. ) ! Acre ! Acre ! Acre ! Acre i(Rs. )
!
!
! (Rs . ) !
I i
(Rs. ) 1 
j
i
j
j
j
Pairs of Irrig.-Tech. mixes
T11 12(38 )+ 5.30** -1.62 3.24** 3. 15** (-) (-) 6.78**
T11 13 (47 ) -1.58 -2.88** (-) 1.00 3.43** (-) 2.96**
T1114(61 ) -5.26** 1,52 -5.42** -0.45 7.63** (-) 5.87**
T1115(56 ) -0.86 -3.91** (-) -0.39 3.70** (-) 7.05**
T1116(120 ) -3.98** -2.43* 6.57** (-) 8.52** (-) - 6.81**
T1213 (23 ) -3.69** 1.25 -2.00* -2.17* 2.38* (-) - 4.79**
T1214(37 ) -6.88** 1.87 -7.76** -3.60** 6.04** (-) - 2.64*
T 12 15 (32 ) -3.18** -0.66 -2.81** -1.45 2.96** (-) (-)
T 1216(96 ) -5.08** 1.24 3.69** -3.76** 5.92** (-) -13.75**
T1314(46 ) -3.07** 4.68** -4.13** -1.45 5.20** (-) 3.30**
T1315(41 ) 0.59 -3.34** (-) -0.80 1.27 (-) 5,04**
T1316(105 ) -2.86** -0.07 4.23** -1.11 5.01** (-) -10.84**
T 1415(55 ) 3.70** -4.31** -5.07** -0.20 -3.15** 1 . 32 2.81**
T1416(119 ) -0.68 -4.07** -9.98** 0.70 -1 . 29 -1 . 04 -14.65**
T1516(114 ) -3.27** 3.28** 5.79** 0.40 2.51* -2.53* -14.30**
Note
* Significant at 5 per cent 
** Significant at 1 per cent 
(-) Very small 'T' value 
+ Numbers in brackets are = n1+n2
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TABLE : A3.9
COMPARISON OF MEAN VALUES OF LABOR USE 
IN 1966-72 AND 1981-82 
(Pooled Data, Period 1966-72)
Calculated• cp 1
Values
i
! Total
I
! Labor
i
Family
Labor
! Casual !
! Labor !
P.H.
Labor
Pairs of same Farm Category in
Both the Data Sets
T 11 (304 ) + 6.00** 5.79** 4.28** (-)
T22 (118) (-) (-) (-)
T33 (81 ) 3.87** 3.58** 4.69**
T44(101) 6.69** 10.52**
T55 ( 183 ) 4.33** 4.05** 2. 15*
T77(76 ) 0.72 1.95
Note
* Significant at 5 per cent 
** significant at 1 per cent 
(-) Very small 'T' value 
+ Numbers in brackets are = n1+n2
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TABLE : A3.10
COMPARISON OF MEAN VALUES OF LABOR USE IN IRRIG.-TECH GROUPS 
IN 1981-82 WITH 'ALL FARMS' IN 1966-72 
(Pooled Data, Period 1966-72)
Calculatedt ip 1
Values
! Total 
! Labor
I
! Family
I
! Labor
i
i I
! Casual !
1 j
! Labor !
i i
P.H.
Labor
T111 (132) + 7. 12* * 7.66** 10 . 12** (-)
T121 (108 ) 5.78** 5.39** 4.01**
T131 ( 117) 6. 18** 9.42** 3.54**
T 141 (131 ) 1.11 1.30 4.27** (-)
T151(126 ) 5.70** 3.06** 6. 13** (-)
T 161 (190 ) 1.27 0.69 1.05 (-)
Note
* Significant at 5 per cent
** Significant at 1 per cent 
(-) Very small 'T' value 
+ Numbers in brackets are = n1+n2
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APPENDIX IV
TESTING ACROSS SAMPLES
In order to decide whether or not different time periods or farm 
categories should be pooled for regression analysis, 
variance-covariance analysis could be used. In the main text 
(chapter3, section 6) the example of two farm categories is discussed. 
Here its generalised form will be used for 'N' time periods or farm 
categories and 'M' number of explanatory variables^.
1 See Maddala 1977, p. 322-3; Rao and Miller 1971, 
and Koutsoyianis 1977, p.402-8.
P- 148-52;
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In this test actually 'N' number of regression equations each 
with (M + 1) parameters are compared against a pooled regression 
equation. For 'N' farm categories (or years) and 'M' number of 
explanatory variables the following hypothesis can be tested:
: H is not true
In order to test H0 , 'F' statistic is calculated using the
following formula:
( RSSp - £ RSS2' ) / ( KN - K )
F = -------------------------------------
( £ RSS^ ) / ( £ Ty - KN ) •
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Where:
RS S p
R S S t
N
K
= Regression sum of square for pooled data
= Regression sum of square for the ith farm category 
or year
= Number of farm categories
= M + 1
T £ = Sample size in ith farm category or year 
If calculated 'F' is greater than tabulated 'F ' at 1 or 5 per 
cent probability level for (KN-K) and ( T^ - - KN ) degrees of
freedom then the null hypothesis is rejected and the regressions are 
not the same.
In the following table calculated *F' 
significance are given for time series and
values and their levels 
farm categories.
of
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TABLE IV.1
'F' VALUES FOR YEARS, CROP ZONES, AND TENURES
( 1966-72 DATA )
Items
Total
Labor
Family
labor
Casual
Labor
Permanent
Hired
Labor
Years 0.11 0.31 0. 1 1.34
Crop Zones 1.04 0 1.51
Tenures 0.49 1.61 1 . 19
Note :
'F' value significant at 5 per cent probability level 
'F' value significant at 1 per cent probability level★ ★
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TABLE IV.2
'F' VALUES FOR CROP ZONES, TENURES, AND FARM SIZES 
( 1981-82 DATA )
Total
Labor
Family
Labor
Casual Permanent 
Labor Hired 
Labor
Crop Zones 4.82**
Tenures 2.18**
Farm Sizes 3.22**
4.86** 80.52** 1.53
6.10** 1.99* 3.69**
5.50** 7.78** 1.58
Note
'F' value significant at 5 per cent probability level 
'F' value significant at 1 per cent probability level★ ★
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